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1.0 


INTRODUCTION 


The  Galena  Airport  (formerly  Galena  Air  Force  Station,  Alaska)  is  undergo¬ 
ing  remedial  investigation  as  part  of  the  U.  S.  Air  Force  Installation  Restoration  Program 
(IRP).  The  remedial  investigation/feasibility  study  (RI/FS)  process  includes  characterization 
of  aquifer  properties  such  as  hydraulic  conductivity,  storativity,  and  groundwater  velocity. 
Once  values  for  these  properties  are  obtained,  this  information  becomes  an  integral  part  of 
the  RI/FS  in  the  determination  of  contaminant  fate  and  transport  as  well  as  optimum 
remedial  action  technologies. 

Aquifer  testing  was  conducted  from  24  through  28  August  1993  using 
pumping  test  analytical  techniques  combined  with  direct  borehole  flowmeter  measurements 
of  groundwater  velocity.  This  was  the  first  occurrence  of  these  types  of  tests  at  the  Galena 
installations  to  a  depth  of  70  ft  below  ground  level  (bgl).  Previous  slug  testing  was  limited 
to  the  shallow  aquifer  above  25  ft  bgl.  The  objectives  of  the  testing  and  data  evaluation 
were  to: 

•  Conduct  a  pumping  test  that  conforms  to  published  standards  within  opera¬ 
tional  constraints  and  satisfies  assumptions  concerning  data  evaluation; 

•  Obtain  drawdown  and  recovery  data  that  can  be  used  in  calculations  of 
aquifer  transmissivity,  hydraulic  conductivity,  storativity  and  anisotropy; 

•  Calculate  the  groundwater  flow  velocity  from  values  of  hydraulic  conductivi¬ 
ty  derived  from  the  pumping  test  data  and  compare  computed  velocities  to 
direct  measurements  obtained  by  flowmeter  testing;  and 

•  Enhance  the  current  understanding  of  groundwater  and  hydrocarbon  migration 
through  the  aquifer  by  using  the  above  calculated  parameters. 
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The  aquifer  testing  at  Galena  Airport  was  performed  in  an  area  southwest  of 
the  POL  Saddle  Tank  Site  (ST05),  (shown  in  Figure  1-1).  This  site  was  chosen  for  the 
following  reasons: 

•  Hydrogeologic  similarities  to  other  Galena  sites  in  the  "installation  triangle" 
area,  allowing  test  results  to  be  applied  to  other  areas; 

•  Close  proximity  to  identified  groundwater  contamination  at  Site  ST05; 

•  Lack  of  aquifer  disturbance  from  daily  pumping  of  water  supply  wells;  and 

•  Good  logistics  to  perform  all  necessary  testing  activities. 
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2.0 


SITE  DESCRIPTION 


Galena  Airport  is  located  on  recent  floodplain  alluvium  of  the  Yukon  River. 
Present-day  features  in  the  area  are  the  result  of  interglacial  fluvial  processes  along  one  of 
the  largest  river  systems  in  North  America.  The  Yukon  is  unique  because  of  its  large 
drainage  area,  cold-weather  climate,  and  the  fact  that  there  are  no  man-made  controls 
throughout  its  length.  These  factors  combine  to  create  spring  flooding  of  great  magnitude 
along  lower  stretches  of  the  river.  The  predominant  landforms  in  the  Galena  floodplain 
area  are  abandoned  r  -ander  channels,  accretionary  sand  bar  ridges,  and  active  transverse 
and  longitudinal  channel  sand  bars.  The  entire  Yukon  River  alluvium  is  over  200  ft  thick 
and  is  composed  of  stacked  layers  of  active  channel  and  floodplain  deposits.  The  overall 
coarse-grained  nature  of  the  Yukon  River  alluvium  ai  Galena  is  due  to  the  relative  close 
proximity  to  high  mountain  ranges  and  the  river  gradient. 

2.1  Subsurface  Geology 

The  cunent  knowledge  of  the  aquifer  at  Galena  has  been  defined  from 
borehole  soil  samples  collected  for  shallow  construction  (less  than  20  ft  depth),  intermediate 
IRP  investigation  (50  ft  depth),  and  one  deep  water  supply  well  (200  ft  depth)  for  the 
Galena  installation.  Figure  2-1  is  a  cross  section  from  borehole  logs  from  the  Aquifer  Test 
Site  eastward  to  the  POL  Storage  Tank  Area  as  shown  in  Figure  1-1.  The  upper  8  to  10  ft 
of  the  aquifer  consists  of  silts  and  silty  sands.  In  some  areas  of  the  base  where  excavation 
and  backfilling  occurred  during  airfield  construction,  the  upper  few  feet  of  the  aquifer 
consists  of  sandy  gravel  fill  material. 

The  aquifer  from  10  to  70  ft  bgl  consists  of  a  thick  sequence  of  interbedded 
sands  and  gravelly  sands  with  only  a  minor  silt  fraction.  At  this  depth  in  the  installation 
area,  there  is  no  identifiable  silt  or  clay  confining  layer.  On  the  basis  of  data  obtained  from 
one  borehole  log  of  a  base  water  supply  well  (BWS-07),  sands  and  gravelly  sands  continue 
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5-MW-04 


Figure  2-1.  Geologic  Cross  Section  A-A’,  From  the  Aquifer  Test  Site  to  the 

POL  Storage  Tank  Area 


to  a  depth  of  200  ft  bgl  with  only  minor  interbedded  silt  layers.  Therefore,  a  silt  or  clay 
aquitard  within  the  Yukon  aquifer  at  Galena  Airport  has  not  been  discovered. 


2.2  Hydrogeology 

The  shallow  groundwater  in  the  Galena  aquifer  is  unconfmed  (the  water  table 
represents  an  atmospheric  pressure-head  surface).  When  the  Yukon  River  floods  in  spring 
and  early  summer,  the  groundwater  saturates  the  upper  silty  sand  zone.  Thereafter,  the 
water  level  gradually  subsides  into  the  coarser  part  of  the  aquifer  and,  by  late  summer,  the 
silty  sand  upper  zone  is  dry.  This  seasonal  fluctuation  of  groundwater  level  is  approximat¬ 
ed  in  cross  section  in  Figure  2-1. 

On  the  basis  of  water  level  surveys  and  ambient  flowmeter  measurements,  the 
normal  summer,  fall,  and  winter  groimdwater  flow  direction  is  to  the  south  or  southwest 
across  the  Galena  installation.  The  horizontal  gradients  that  control  the  rate  and  direction 
of  groundwater  movement  at  Galena  reflect  the  elevation  differences  between  the  Yukon 
River  and  the  aquifer  water  table.  The  water  levels  in  monitor  well  05-MW-06,  screened  to 
45  ft  bgl,  and  the  Yukon  River  level  over  a  period  from  May  1993  to  November  1993  are 
depicted  in  Figure  2-2.  For  most  of  this  period,  the  water  level  in  the  well  is  higher  than 
the  river  level.  The  difference  in  the  levels  over  the  distance  from  the  well  to  the  river  is 
the  hydraulic  gradient,  which  is  the  driving  force  for  groundwater  flow  and  can  be  used  to 
determine  general  direction  of  groundwater  flow. 

Water  level  elevations  within  the  aquifer  show  a  maximum  near  138  ft  above 
mean  sea  level  (amsl)  during  June  (Figure  2-2).  Flowmeter  measurements  collected  during 
the  spring  flooding  show  that  groundwater  flow  reverses  and  flows  northward  until  the 
stream  level  subsides.  During  summer,  temporary  groundwater  flow  reversals  occu.’’  during 
the  brief  river  increases  from  heavy  rains  within  the  Yukon  basin.  However,  from 
September  until  May,  the  aquifer  levels  subside  to  near  1 20  ft  amsl  due  to  freeze-up  within 
the  entire  river  basin. 
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Water  Elevation  (feet  amsi) 


Figure  2-2.  Continuous  Water  Level  Monitoring  of  Well  05-MW-06  and  the 
Yukon  River  From  May  to  November  1993 
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A  potcntiomctnc  surface  contour  map  (Figure  2-3)  shows  potentiometnc 
contours  across  the  site  based  on  a  water  level  survey  of  all  area  wells  on  15  August  1^3 
The  map  shows  that  isopotential  lines  trend  northwest  to  southeast.  Potentiometnc  contours 
decrease  toward  the  south-southwest,  indicating  that  the  direction  of  groundwater  (low  is  to 
the  south-southwest  at  a  gradient  of  about  0.00039. 

Observation  of  water  levels  in  deep  (base  water  supply  well)  and  shallow 
(lO-MW-Ol)  wells  indicate  that  vertical  gradients  are  in  a  downward  direction.  Continuous 
water-level  data  (Figure  2-4)  have  been  collected  since  May  1993  for  monitor  well  10-MW- 
01  and  the  Base  Water  Supply  Well  #2.  screened  from  5  to  45  ft  bgl  and  200  to  210  ft, 
respectively.  There  is  consistently  about  2  ft  of  head  difference  between  the  deep  zone  and 
the  shallow  zone.  This  head  difference  provides  a  vertical  gradient  of  about  2  ft  per  1 80  ft, 
or  0.01  ft./ft. 


In  1992,  slug  tests  were  performed  on  13  wells  screened  in  the  top  10  ft  of 
the  shallow  saturated  silty  sand  material.  The  hydraulic  conductivity  calculated  from  these 
tests  ranged  from  0.000014  to  0.00009  cm/sec,  or  0.3  to  19.1  gpd/ft^. 

During  the  1992  drilling  efforts  to  install  monitor  wells  at  the  Galena 
installation,  selected  samples  were  collected  from  the  coarse  sands  and  gravelly  sands  from 
the  20  to  45  ft  depth  to  obtain  preliminary  estimates  for  hydraulic  conductivity.  These 
samples  were  dry-sieved  and  the  grain  size  distributions  plotted.  Using  the  method  of 
Masch  and  Denny  (1966),  hydraulic  conductivity  estimates  averaged  0.08  cm/sec.  This 
average  hydraulic  conductivity  developed  from  the  grain  size  analyses  was  used  to  plan  for 
the  expected  pumping  test  radius  and  the  observation  well  distances  from  the  pumping  well. 
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Figure  2-3.  Potentiometric  Surface  Contour  Map  Based  on  Water  Level  Survey,  August  15,  1993 


Water  Elevation  (feet,  amsi) 


1  Jun  93  1  Aug  93  1  Oct  93 


Figure  2-4.  Hydrograph  Comparison  of  Water  Levels  in  the  Shallow  Aquifer 
(lO-MW-01),  Deep  Aquifer  (BWS-02),  and  the  Yukon  River 
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3.0 


AQUIFER  TESTING  AND  DATA  EVALUATION  PROCEDURES 


This  section  describes  general  testing  and  evaluation  procedures  for  the 
pumping  test  and  the  flowmeter  test.  The  aquifer  testing  employed  two  main  methods,  a 
standard  short-term  pumping  test  and  a  borehole  flowmeter  test.  This  testing  combination 
was  chosen  by  screening  a  variety  of  testing  methods  on  technical,  logistical  and  cost 
criteria.  The  screen-testing  methods  included  a  long-term  pumping  test,  tracer-dye  tests, 
and  packer  slug  tests.  However,  since  water  storage  was  a  logistical  problem,  a  short-term 
pumping  test  was  evaluated.  The  combination  of  short-term  pumping  and  flowmeter  testing 
was  believed  to  provide  the  least-cost  solution  for  obtaining  quality  technical  data. 

3.1  Pumping  Test 

The  pumping  test  used  one  pumping  well  and  six  partially-penetrating 
observation  wells.  Figure  3-1  shows  both  a  map  view  of  the  test  well  locations  and  a 
schematic  cross  section  with  test  well  screen  depths.  The  test  wells  were  installed  in  the 
pattern  shown  for  the  purpose  of  the  flowmeter  testing.  A  pumping  well  was  later  installed 
nearby  in  a  downgradient  direction,  since  a  central  location  to  the  observation  wells  would 
have  been  difficult  to  accomplish.  The  Aquifer  Pumping  Test  Plan  (Air  Force.  1993a) 
provides  details  on  the  pumping  and  monitoring  equipment.  The  distances  of  the  observa¬ 
tion  wells  to  the  pumping  well  ranged  from  15  to  350  ft.  The  nearby  observation  wells, 
denoted  by  a  KV  prefix,  were  installed  specifically  for  the  purpose  of  obtaining  direct 
groundwater  flow  measurements  with  a  borehole  flowmeter  and  to  record  the  effect  of  the 
pumping  test.  Each  well  was  screened  in  10-ft  increments  to  a  depth  of  70  ft  bgl  for  the 
purpose  of  estimating  hydraulic  parameters  within  each  screened  interval  of  aquifer.  Three 
farther  observation  wells  were  monitored  during  the  pumping  test.  These  wells  ranged  in 
distance  from  207  to  334  ft  from  the  pumping  well,  PW-1. 
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Location  of  Pumping  Toot  Walla  kv-4a-7  r  05-mw-o6 


Figure  3-1.  Test  Well  Map  and  Schematic  Well  Construction  Cross  Section 


The  pumping  test  actually  consisted  of  three  separate  phases  during  which 
data  were  recorded.  The  test  phases  are  summarized  as  follows: 

1 .  A  step-discharge  test  in  which  the  pumping  well  was  pumped  at  varying 
rates.  These  data  are  used  to  estimate  the  optimum  pumping  rate  (and 
corresponding  valve  position)  to  conduct  the  pumping  test.  The  step-dis¬ 
charge  test  was  conducted  after  the  pumping  and  monitoring  equipment  were 
installed  and  operational.  Drawdown  and  recovery  data  from  the  step- 
discharge  test  were  also  recorded  in  nearby  observation  wells  to  verify  propa¬ 
gation  of  the  drawdown  cone.  For  the  step-test,  the  pumping  rate  was  held 
constant  at  25  gpm  for  30  minutes  and  then  increased  to  rates  of  42,  60,  and 
75  gpm  for  30  minutes  each. 

2.  A  drawdown  pumping  test  in  which  the  well  was  pumped  at  a  constant  dis¬ 
charge  over  a  9.5  hour  period.  During  the  drawdown  pumping  test,  the 
pumping  well  was  pumped  consistently  at  75  gpm  to  assure  drawdown  in  the 
observation  wells.  The  water  was  piped  into  a  50,000-gal.  water  bladder  for 
holding  until  analytical  tests  for  volatile  organic  compounds  could  be  run  on 
the  water  samples.  Due  to  the  constraint  on  water  bladder  capacity,  the  test 
could  only  be  conducted  for  9.5  hours.  The  maximum  sustained  drawdown 
in  the  observation  wells  were  recorded  to  estimate  the  cone  of  groundwater 
depression,  which  represents  the  zone  of  pumping  influence.  Time-draw¬ 
down  data  were  recorded  in  each  observation  well  for  plotting  on  water-level 
hydrographs  and  were  analyzed  by  three  analytical  techniques  described  in 
Section  3.3. 

3.  A  recovery  test  in  which  the  pumped  well  was  shut  down  and  water-level 
data  were  recorded  in  the  pumped  well  and  observation  wells.  These  data 
can  also  be  used  to  calculate  aquifer  transmissivity  and  storativity.  Data  for 
the  recovery  phase  were  recorded  until  recovery  of  water  level  in  the  pumped 
well  was  near  95%. 

The  following  types  of  data  were  recorded  during  the  pumping  test; 

•  Correction  data,  including  ambient  test-well  water  levels,  barometric  station 
pressure,  river  level,  and  rainfall  that  can  affect  groundwater  levels  during  the 
pumping  test.  These  data  were  recorded  to  correct,  if  needed,  the  drawdown 
and  recovery  data. 

•  Water  level  survey  data,  used  to  calculate  the  regional  groundwater  flow 
direction  and  gradient; 

•  Water  level  data  in  response  to  pumping  (as  described  above)— recorded  by  a 
combination  of  pressure  transducers,  automatic  datalogger,  and  hand-held 
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water  level  probes  during  each  of  the  three  phases  of  testing.  The  pumping 
discharge,  as  displayed  by  a  continuous  in-line  flowmeter,  was  recorded  on 
15-minute  intervals  into  a  field  notebook. 

Flowmeter  data-recorded  by  an  Air  Force  hydrogeologist  at  specific  test  well 
depths  before  and  during  the  pumping  test  to  determine  groundwater  velocity 
changes  in  response  to  pumping. 


3.2  Flowmeter  Tests 


Flowmeter  tests  were  conducted  on  three  separate  occasions  on  test  wells 
KV-l  through  KV-6  at  the  pumping  test  site  (Figure  3-1).  The  testing  was  conducted  to 
obtain  groundwater  velocity  and  direction  within  discrete  zones  of  the  aquifer.  The  vector 
sum  of  the  discrete  flow  zones  defines  the  general  groundwater  flow  within  the  measured 
portion  of  the  aquifer.  The  specific  testing  methods  at  the  Galena  site  were  detailed  in  an 
Air  Force  work  plan  and  memo  (1993b,  1993c).  The  tests  were  conducted  on  the  following 
schedules. 

•  Ambient- May  groundwater  flow— recorded  during  the  Yukon  River  flood 
stage  from  25  to  28  May  1993; 

•  Ambient-August  groundwater  flow— recorded  prior  to  the  pumping  test  setup 
from  21  through  24  August  1993;  and 

•  Pumping-induced  groundwater  flow— recorded  during  the  short-term  discharge 
pumping  test  on  August  26  when  the  aquifer  was  pumped  at  75  gpm  for  9.5 
hours. 

The  purpose  of  the  ambient  flowmeter  tests  was  to  directly  measure  ground- 
water  flow  direction  and  velocity  for  discrete  aquifer  zones  during  both  the  spring  flood  and 
normal  sununer  river  flow.  The  flowmeter  data  provided  greater  resolution  to  identify 
discrete  flow  zones  that  are  otherwise  averaged  by  conventional  pumping  test  techniques. 

An  Air  Force  hydrogeologist  recorded  the  flowmeter  measurements  with  a 
KVA  Model  40  (GeoFlow)  groundwater  flowmeter.  The  meter  was  carefully  calibrated  and 
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operated  according  to  specifications  in  ASTM  Method  #963  (Kerfoot,  1988).  The  flowme¬ 
ter  employs  a  heat-pulsing  technique  and  provides  a  vector  reading  for  the  direction  and 
magnitude  of  groundwater  velocity.  In  each  of  the  test  battery  wells,  KV-1  through  KV-6. 
vector  measurements  were  attempted  at  three  separate  positions  in  each  ten-ft  section  of 
well  screen.  Wells  KV-4,  5,  and  6  were  replaced  by  K.V-4A,  5A,  and  6A,  respectively, 
when  initial  flowmeter  recordings  for  those  wells  were  not  valid. 

3.3  Pumping  Test  Data  Evaluation 

The  conceptual  model  for  the  pumping  test  is  described  by  Dawson  and  Istok 
(1991)  for  transient  flow  in  an  unconfined,  anisotropic  aquifer  with  partially  penetrating 
pumping  and  observation  wells.  The  model  is  based  on  an  analytical  solution  described  by 
Neuman  (1974,  1975)  for  both  drawdown  and  recovery  data  from  observation  wells.  These 
data  are  plotted  and  analyzed  by  type-curve  and  straight-line  matching  methods,  respective¬ 
ly.  Both  methods  are  used  to  directly  calculate  the  aquifer  parameters,  transmissivity  and 
storativity. 

The  assumptions  governing  the  use  of  the  Neuman  model  (Dawson  and  Istok, 
1991)  are  as  follows: 

•  The  layer  is  bounded  below  by  an  aquiclude; 

•  All  aquifer  layers  and  the  water  table  are  horizontal  and  extend  infinitely  in 
the  radial  direction; 

•  The  aquifer  is  homogenous  and  isotropic; 

•  Groundwater  density  and  viscosity  are  constant;  flow  can  be  described  by 
Darcy’s  Law; 

•  The  pumping  rate  is  constant  and  head  losses  through  the  well  screen  and 
pump  intake  are  negligible; 

•  The  pumping  well  has  an  infinitesimal  diameter; 


•  The  aquifer  is  compressible  and  completely  elastic;  pumping  instantaneously 
releases  water  from  storage  by  expansion  of  the  pore  water  or  compression  of 
the  soil  skeleton;  and 

•  Water  table  drawdown  is  negligible  compared  to  the  saturated  aquifer  thick¬ 
ness. 

The  type  curves  used  to  evaluate  the  time-drawdown  data  were  developed  by 
a  computer  program  (Delay  2)  provided  by  Neuman  (personal  communication,  1993).  The 
steps  for  using  type-curves  to  evaluate  the  time-drawdown  data  are  detailed  in  Dawson  and 
Istok  (1991).  The  type  curves  are  visually  matched  to  the  data  curves  and  appropriate 
values  of  time  and  drawdown  were  chosen  from  a  point  lying  on  a  matching  portion  of  the 
curves.  Transmissivity,  T,  is  calculated  from 

^  0.0796  Q 

S 

where,  Q  is  the  pumping  rate  in  gallons  per  minute,  and  s  is  the  drawdown  in  ft  for  the  data 
curve,  and  Sp  is  the  dimensionless  drawdown  for  the  type  curve. 

Estimates  of  transmissivity  and  storativity  were  also  calculated  using  the 
Cooper  and  Jacob  (1946)  method.  This  method  can  be  applied  in  unconfined  aquifers  if  the 
decline  of  the  water  table  was  small  in  comparison  to  the  saturated  thickness  of  the  aquifer. 
The  recovery  test  data  from  the  pumping  well  and  observation  wells  were  used  to  determine 
aquifer  transmissivity  using  Neuman’s  (1975)  recovery  method,  which  employs  the  Cooper- 
Jacob  equation  for  transmissivity.  Both  the  drawdown  and  recovery  data  were  plotted  on 
semilogarithmic  paper  and  the  transmissivity  for  both  methods  was  calculated  by  the 
equation 

T  =  Q-^833  Q 
AS 
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where  AS  is  the  drawdown  over  one  log  cycle  on  the  straight-line  plot.  Storativity  is 
calculated  by  the  equation 


S  = 


2.25  T  t 


where  T  is  the  calculated  transmissivity,  t  is  the  time  in  minutes  at  zero  drawdown,  and  r  is 
the  radial  distance  of  the  observation  well  (in  ft)  from  the  pumping  well. 


The  true  thickness  of  the  aquifer  is  unknown.  At  a  depth  of  100  ft  below  the 
water  table,  groundwater  flow  is  assumed  to  not  be  influenced  by  the  pumping  test. 
Therefore,  the  apparent  aquifer  thickness  equal  to  100  ft,  the  hydraulic  conductivity,  K  (in 
ft/day),  is  given  by 


K  = 


T 

b 


where  b  is  the  apparent  aquifer  thickness,  in  ft. 


The  average  linear  velocity  of  groundwater  within  the  aquifer  is  defined  by 


n 


where  V  is  the  average  linear  velocity  in  ft/day,  i  is  the  hydraulic  gradient  (0.0039  ft/ft 
based  on  15  August  water-level  survey  data),  and  n  is  the  effective  porosity  (approximately 
30%).  This  groundwater  velocity  calculation  is  independent  of  the  flowmeter  measurements 
and  allows  a  comparison  of  the  pumping  test  and  flowmeter  methods.  It  also  is  an 
important  factor  for  modeling  the  advective  transport  of  contaminants. 
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PUMPING  TEST  AND  FLOWMETER  TEST  RESULTS 


The  following  sections  describe  the  results  of  the  hydraulic  parameter 
calculations  from  the  pumping  and  flowmeter  tests  performed  at  the  Galena  Airport  test 
site. 


4.1  Pumping  Test  Results 


The  collected  background  data  were  evaluated  to  determine  whether  correc¬ 
tions  to  the  pumping  test  data  were  necessary.  The  influence  of  background  variations  on 
the  pumping  test  data  was  sufficiently  small  to  be  neglected.  The  background  data  are 
presented  graphically  in  Figure  4-1  and  are  described  as  follows: 


Barometric  pressure—the  measured  station  barometric  pressure  data  in  units  of 
inches  of  mercury  were  converted  to  ft  of  water  to  allow  direct  comparison  to 
aquifer  head  changes.  The  barometric  pressure  showed  only  cyclical  diurnal 
variation  ranging  over  0.1  ft  of  water,  no  major  barometric  changes  were 
recorded. 

Ambient  aquifer  test  well  water  level— as  measured  beyond  the  pumping  test 
influence  in  a  selected  ambient  well,  IO-MW-01.  The  well  was  chosen  for 
ambient  monitoring  of  the  shallow  aquifer  because  of  its  close  proximity  to  a 
deep  water  supply  well,  BSW-2,  which  was  also  monitored.  The  proximity 
of  the  two  wells  was  favorable  for  comparison  of  water  level  changes  in  the 
shallow  and  deep  part  of  the  aquifer  while  minimizing  the  horizontal  distance 
between  the  wells.  The  ambient  aquifer  water  level  showed  a  steady  rate  of 
decrease  for  a  total  of  0.41  ft  for  the  five  day  monitoring  period.  The  water 
level  showed  no  apparent  response  to  diurnal  barometric  fluctuations.  The 
cimbient  water  level  decline  of  0.4  ft  per  five-days  seen  in  lO-MW-01  is 
equivalent  to  a  minimal  0.03-ft  drop  over  the  9.5-hour  pumping  test. 

River  level— a  steady  rate  of  decrease  for  a  total  of  1 .08  ft  over  the  five-day 
period. 

Rainfall— no  rainfall  occurred  during  the  aquifer  testing  from  August  24  to  28. 


The  step-discharge  test  verified  that  measurable  drawdown  could  be  propagat¬ 
ed  to  nearby  observation  wells  at  pumping  rates  above  20  gpm.  The  last  step  of  the  test 
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showed  that  the  maximum  sustainable  pumping  rate  of  the  pump  was  75  gpm,  which  was 
1 1 5%  of  the  rated  capacity  at  the  pump  depth  with  calculated  fitting  and  line  head  losses. 


During  the  pumping  test,  a  constant  discharge  of  75  gpm  was  maintained  for  9.5 
hours.  The  maximum  drawdown  measured  in  each  observation  well  is  shown  on  the  site 
map  in  Figure  4-2.  The  drawdown  ranged  from  a  minimum  of  0.09  ft  at  05-MW-12  to  a 
maximum  of  0.52  ft  at  KV-2  (14.1  ft  from  PW-1).  Well  KV-6A,  at  15.0  ft  from  PW-1, 
showed  only  0.24  ft  of  drawdown  during  the  test.  The  low  drawdown  at  a  close  distance  to 
the  pumping  well  suggests  a  high  aquifer  transmissivity  of  the  zone  from  60  to  70  ft  bgl  in 
which  KV-6A  was  screened.  Drawdown  data  for  well  05-MW-06  were  lost  due  to  an 
electrical  power  surge.  From  extrapolation  of  observed  drawdowns,  the  maximum  zone  of 
influence  from  the  9.5  hours  of  pumping  at  75  gpm  is  probably  just  over  210  ft.  The 
minimal  water  level  drop  at  05-MW-12  can  be  partially  attributed  to  water  table  response  to 
the  river  trend  (see  Figure  4-1,  lO-MW-01). 

The  ratio  of  discharge  to  drawdown  at  the  pumping  well  at  a  specified  time 
since  pumping  began  is  called  specific  capacity  and  can  be  related  to  transmissivity  under 
ideal  conditions  using  the  equation  T  =  1500  (Q/s)  for  unconfined  aquifers  (where  T  is  the 
transmissivity,  Q  is  the  pumping  discharge,  and  s  is  the  drawdown).  Ideal  conditions  are 
those  specified  in  the  assumptions  in  Section  3.3  and  also  include  the  establishment  of 
steady-state  conditions.  The  calculated  specific  capacities  for  the  pumping  well  range  from 
27.4  to  38.5  gpm/ft.  This  small  range  in  values  suggests  that  the  conditions  for  the  test 
were  not  far  from  ideal.  The  range  in  specific  capacity  translates  to  a  transmissivity  range 
of  5,481  to  7,720  ftVday,  respectively,  which  is  2  to  8  times  less  than  the  pumping  test 
calculations  for  transmissivity  using  the  Neuman  recovery  and  Cooper  and  Jacob  methods 
(described  further  below). 

Hydrographs  were  constructed  for  each  well  over  the  pumping  test  period  and 
are  presented  in  Figures  4-3,  4-4,  and  4-5.  For  the  pumping  well  and  observation  wells,  the 
general  shape  of  the  time  drawdown  curves  were  very  similar  to  Theis  curves  with  gradual 
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Figure  4-2.  Maximum  Drawdown  Recorded  ii 


wdown  (feet)  Drawdown  (feet) 


Production  Well 
(PWl) 

Screen  Depth:  25-65  ft.  BGS 
Pump  Set  Qt  67.5  ft.  SGS 


0.00  -f— j- 
0.00 

8/25/93 


1000.00  1500.00 

8/26/93  (minutes) 


2000.00 

8/27/93 


Wifliiry  T«it 
tw  IBXI  Mn 
l/U/9i 


KV-2 


Screen  Depth:  30*40  ft.  6GS 
Oietonce  from  PWl:  u.l  ft 


tooo.oo 

8/26/93 


Time  (minutes) 


2000.00 

8/27/93 


KV-6A 


Screen  Depth:  €0-70  ft.  BGS 
Oietonce  from  PWV  15.0  ft 


1000.00 

8/26/93 


Time  (minutes) 


2000.00 

8/27/93 


Figure  4-3.  Pumping  Test  Hydrograph  for  Wells  PW-1,  KV-2  and  KV-6A 
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Figure  4-4.  Pumping  Test  Hydrograph  for  Wells  KV-4A,  KV-3,  and  KV-1 
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Figure  4-5.  Pumping  Test  Hydrograph  for  Wells  KV-5A  and  05-MW-12 
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decrease  in  the  rate  of  drawdown  with  time  as  the  aquifer  recharge  rate  approximates  the 
pumping  discharge  rate.  The  overall  shape  of  the  drawdown  curve  was  consistent  with  the 
Neuman  (early  data)  Type- A  curves,  which  suggests  that  gravity  drainage  in  the  unconfined 
aquifer  did  not  occur  during  the  9.5-hour  pumping  test. 

Some  local  fluctuations,  or  spikes,  occurred  in  wells  KV-1,  KV-2,  and  KV-3 
during  the  latter  stages  of  the  test.  Since  the  pump  constantly  discharged  at  75  gpm,  these 
fluctuations  cannot  be  explained  by  oscillations  in  the  pumping  rate.  The  spikes  are  of 
short  duration  and  do  not  influence  the  overall  drawdown  trend  in  the  wells  and  were 
ignored  for  drawdown  analysis.  They  were  likely  the  result  of  a  slug  effect  due  to  the 
positioning  of  the  borehole  flowmeter  in  the  tested  wells.  Also,  some  movement  of  the 
pressure  transducer  during  flowmeter  positioning  may  have  contributed  to  the  apparent 
water  level  spikes. 

Three  water  samples  were  collected  for  volatile  organic  analysis  before  the 
end  of  the  constant-discharge  test  to  determine  the  ultimate  fate  of  the  pumped  water.  The 
analyses  showed  nondetect  for  volatile  organic  constituents  and  the  stored  water  was 
released  into  a  nearby  sewer.  The  results  of  these  analyses  are  included  in  Appendix  A. 

The  recovery  phase  of  the  test  is  also  shown  on  the  pumping  test 
hydrographs.  Monitoring  of  the  recovery  was  conducted  for  78  min  after  the  pump  was 
shut  off.  During  this  time,  the  pumping  well  recovered  95%;  recovery  in  the  observation- 
wells  ranged  from  58%  in  KV-1  to  85%  in  KV-2.  This  range  in  recovery  wzis  attributed  to 
transmissivity  differences  of  the  monitored  aquifer  zones.  Recovery  data  for  KV-3  were 
lost  due  to  pressure  transducer  malfunction. 

Data  curves  and  pumping  test  data  analysis  can  be  found  in  the  appendices: 
drawdown  data,  curves,  and  Neuman  (1975)  type  curves  (Appendix  B);  recovery  data  and 
graphs  with  Neuman  analysis  (Appendix  C);  and  drawdown  data  plots  analyzed  by  the 
Cooper  and  Jacob  (1946)  method  (Appendix  D). 
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For  each  observation  well,  estimates  for  transmissivity  and  hydraulic 
conductivity  were  calculated  using  both  drawdown  and  recovery  test  data.  For  the  pumping 
well,  PW-1,  values  were  calculated  using  recovery  test  data  only.  The  calculated  range  of 
transmissivity  and  hydraulic  conductivity  values  were  consistent  with  published  ranges  for 
sand  and  gravelly  sand  aquifers  (Freeze  and  Cherry,  1979).  The  transmissivity  values  using 
the  three  pumping  test  analytical  methods  are  summarized  in  Table  4-1.  The  corresponding 
hydraulic  conductivity  values  using  the  three  methods  are  shown  for  comparison  in  Figure 
4-6. 


Neuman-drawdown  transmissivity  values  ranged  from  2,200  to  19,800  ft^/day. 
Corresponding  hydraulic  conductivity  values  ranged  from  22  to  198  ft/day;  with  the  lowest 
values  at  depths  of  50  to  70  ft  bgl.  Neuman-recovery  transmissivity  values,  however, 
ranged  from  24,000  to  120,000  ftVday,  and  showed  an  overall  increase  with  depth.  The 
corresponding  hydraulic  conductivity  values  ranged  from  241  to  1,200  ft/day  (no  recovery 
data  was  obtained  for  the  10-20  ft  depth).  Cooper- Jacob  transmissivity  values  ranged  from 
about  15,000  to  64,000  ft^/day,  with  corresponding  K  ranges  of  149  to  644  ft/day.  Both 
Neuman  recovery  and  Cooper- Jacob  drawdown  values  were  similar  in  magnitude  and 
showed  an  increasing  trend  downward  from  the  20  to  30  ft  depth,  consistent  with  the 
overall  increasing-downward  grain  size  of  the  aquifer. 

Aquifer  storativity  was  calculated  using  the  Cooper- Jacob  (1946)  method. 
Storativity  values  are  presented  in  Table  4-1  and  range  from  0.0006  to  0.05.  In  general, 
decreasing  storage  is  apparent  with  depth.  According  to  Freeze  and  Cherry  (1979), 
storativity  values  from  0.005  to  0.00005  are  indicative  of  confined  aquifers.  Additionally, 
the  storativity  value  for  unconfmed  aquifers  normally  ranges  from  0.01  to  0.30,  suggesting 
that  groundwater  flow  deeper  than  20  ft  may  be  under  confined  conditions,  or  under 
pressure  greater  than  atmospheric.  More  pumping  test  data  are  needed  to  understand  the 
true  range  and  spatial  relationship  of  storativity  values. 
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storativity  (dimensionless),  calculated  according  to  Cooper  and  Jacob  (1946). 
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Figure  4-6.  Graph  of  Hydraulic  Conductivity  Values  by  Depth  Interval  Derived  by 

Three  Pumping  Test  Analytical  Methods 


The  Neuman  drawdown  method  of  analysis  may  not  be  applicable  to  some  of 
the  drawdown  data  because  of  abnormally  low  transmissivity  values  for  the  depths  40  to  70 
ft  bgl.  This  trend  of  values  is  contrary  to  the  increasing-drawdown  trend  of  aquifer  grain 
size,  as  reflected  by  transmissivity  trends  calculated  by  the  Neuman  recovery  and  Cooper 
Jacob  methods.  Also,  storativity  values  suggest  confined  conditions,  which  are  not  suited  to 
the  Neuman  drawdown  method. 

4.2  Flowmeter  Results 


The  Geoflow  flowmeter  was  used  to  collect  groundwater  flow  velocity  data 
for  three  separate  measurement  events;  the  Ambient-May,  the  Ambient-August,  and 
Pumping  Test  events.  Appendix  E  contains  all  field  flowmeter  data. 

The  velocities  recorded  during  the  two  ambient  tests  are  graphed  along  with 
groundwater  direction  diagrams  in  Figure  4-7.  Note  the  velocity  scale  change  between  the 
May  and  August  graph.  The  direction  roses  show  the  frequency  of  the  velocity  vector 
measurements  with  respect  to  compass  direction  within  10-degree  azimuth  increments. 
Stable,  repeatable  data  from  43  to  67  ft  bgl  were  only  collected  during  the  August  ambient 
period.  The  velocities  for  the  Ambient-May  test  range  from  0.8  to  5.4  ft/day.  One  distinct 
high-velocity  zone  is  apparent  at  the  16  and  18  ft  depths.  The  predominant  flow  direction 
in  May  is  northward. 

During  the  Ambient-August  test,  overall  groundwater  velocities  are  slightly 
greater,  ranging  from  1.0  to  10.8  ft/day,  likely  due  to  a  higher  groundwater  gradient  in 
response  to  lowering  river  levels.  High-velocity  zones  (greater  than  4.0  ft/day)  were 
present  at  16,  27,  36,  56,  and  65  ft  bgl.  However,  some  of  these  zones  do  not  correspond 
to  high  velocity  zones  during  the  Ambient  May  test,  notably  at  27  and  36  ft  bgl.  Also,  at 
1 8  ft  bgl,  a  much  lower  velocity  was  recorded  during  the  August  test.  The  predominant 
flow  direction  measured  by  the  flowmeter  in  August  is  south-southwestward,  similar  to  the 
flow  direction  derived  by  the  August  15  water  level  survey. 
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Ftowmeter  Velocity  Plot  and  Direction  Rose  for  Ambient-May  and  Ambient-August  Flowmeter  Tests 


Ambient  flowmeter  test  and  the  pumping  test  flowmeter  results  by  depth  are 
graphed  in  Figure  4-8.  As  in  the  Ambient-May  test,  valid  flowmeter  measurements  were 
not  obtained  during  the  pumping  test  for  the  47  to  67  ft  depths.  The  flow  measurements 
recorded  during  the  pumping  test  show  an  expected  increase  in  response  to  the  pumping- 
induced  gradient.  On  average,  recorded  velocities  were  3.8  times  greater  than  the  Ambient- 
August  measurements;  the  increases  ranged  from  1.5  to  7.2  times  the  Ambient  August 
velocity.  One  zone  at  16  ft  bgl,  however,  showed  an  anomalous  decrease  in  velocity  during 
the  pumping  test,  recording  2.3  ft/day  compared  with  8.3  ft/day  during  the  Ambient-August 
test.  During  Ambient-August  testing,  this  zone  showed  higher-than-average  velocity.  Since 
this  zone  is  nine-feet  above  the  pumping  well  screened  interval,  the  low  velocity  likely 
reflects  preferential  flow  in  the  deeper,  more  conductive  aquifer  zones. 

4.3  Comparison  of  Pumping  Test  and  Flowmeter  Results 

The  pumping  and  flowmeter  testing  data  allow  an  understanding  of  aquifer 
property  changes  with  depth  and  a  direct  comparison  of  aquifer  testing  methods  at  the 
Galena  test  site.  Table  4-2  summarizes  the  aquifer  lithology,  with  the  calculated  hydraulic 
conductivities  and  velocities  (pumping  test),  and  the  averaged  velocities  measured  by  the 
flowmeter.  The  listed  lithology  is  the  predominant  aquifer  material  for  the  10-ft  section  of 
aquifer.  Similarly,  both  hydraulic  conductivity  and  velocity  values  are  averaged  over  10-ft 
screened  interval  of  the  aquifer.  The  values  clearly  show  the  overall  correlation  between 
increasing  aquifer  grain  size  with  depth  (silt  to  gravelly  sand)  and  the  increasing  hydraulic 
conductivity  and  average  linear  velocity.  Also  shown  in  the  table  are  individual  high- 
velocity  zones  recorded  by  the  flowmeter  during  the  Ambient-August  test. 

The  average  linear  velocities  shown  in  Table  4-2  were  calculated  by  indepen¬ 
dent  methods.  A  comparison  of  the  values  calculated  by  the  pumping  test  and  flowmeter 
methods  is  illustrated  in  Figure  4-9.  For  each  10-ft  zone,  the  flowmeter  average  velocities 
are  consistently  3.2  to  20  times  greater  than  values  calculated  using  the  pumping  test 
recovery  data.  The  reasons  for  the  differences  between  methods  include: 
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Figure  4-8.  Comparison  of  Flowmeter  Velocities  by  Depth  for  Three  Test 
Periods-Ambient-May,  Ambient-August,  and  Pumping  Test 


Summary  of  Aquifer  Properties  With  Depth, 
Galena  Airport  Aquifer  Testing  Site 
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Figure  4-9.  Graph  of  Aquifer  Average  Velocities  by  Depth  Interval  Showing 
Comparison  of  Pumping  Test  and  Flowmeter  Results 
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Pumping  test  analytical  methods  are  general  estimates  of  the  overall  thickness 
of  affected  aquifer; 


Some  pumping  test  analytical  method  assumptions  (see  Section  3.3)  assume  a 
ideal  pumping  test  scenario— for  most  pumping  tests  they  are  often  not 
realistic.  For  example,  the  assumptions  concerning  a  homogeneous,  infinite 
aquifer  with  a  lower  aquiclude  were  not  appropriate  for  the  Galena  pumping 
test; 

Estimates  of  formation  effective  porosity  (n  =  30%)  and  depth  of  the  effec¬ 
tive  aquifer  (due  to  pumping,  b  =  100  ft)  are  assumed;  and 

The  flowmeter  measurements  may  be  biased  slightly  high  due  to  the  potential 
for  a  component  of  vertical  flow  and  turbulence  through  the  borehole  and 
well  screen. 
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CONCLUSIONS  AND  RECOMMENDATIONS 


The  aquifer  testing  conducted  during  the  1993  field  season  at  Galena 
provided  valuable  data  about  the  shallow  aquifer  at  Galena  test  site.  This  section  presents 
conclusions  about  the  aquifer  testing  methods,  the  aquifer  properties,  and  recommends 
additional  data  collection  in  conjunction  with  other  RI/FS  activities  to  improve  the  under¬ 
standing  of  the  aquifer  system. 


Testing  Methods 

•  The  pumping  test  at  the  Galena  test  site  was  conducted  successfully,  yielding 
valid  data  to  calculate  transmissivity,  storativity,  hydraulic  conductivity,  and 
groundwater  average  linear  velocity.  The  measured  drawdown  in  the  pump¬ 
ing  and  observation  wells  was  actually  greater  than  modeled  predictions. 

•  Ideally,  the  test  should  have  been  run  longer  to  yield  gravity  drainage  curves 
(Type  B  curve)  for  Neuman  analysis.  In  practice,  the  duration  of  testing  for 
an  unconfined  aquifer  is  at  least  72  hours,  which  was  not  attainable  due  to 
constraints  on  containerizing  the  potentially  contaminated  pumped  water. 
Water  samples  of  the  pumped  water,  however,  were  nondetect  for  volatile 
organic  constituents. 

•  The  Neuman  recovery  and  Cooper-Jacob  drawdown  pumping  test  data 
evaluation  methods  were  appropriate  for  the  aquifer  conditions  at  Galena. 

The  Neuman  drawdown  method  was  not  appropriate  for  the  unconfined 
(upper  20  ft)  of  the  aquifer  because  of  the  short  duration  of  the  test.  There¬ 
fore,  aquifer  properties  calculated  with  the  Neuman  drawdown  method  are 
not  deemed  reliable,  especially  below  the  40  ft  depth,  where  it  is  possible  that 
vertical  gradients  within  the  aquifer  adversely  affected  the  drawdown  curves 
and  the  flowmeter  recordings. 

•  The  pumping  and  flowmeter  tests  yielded  complementary  data.  The  pumping 
test  provided  data  for  the  pumping  zone  of  influence,  storativity  values,  and 
hydraulic  conductivity  values  integrated  over  the  observation  well  screened 
interval.  The  flowmeter  provided  velocity  measurement  resolution  for 
individual  high-velocity  zones  within  the  test  well  screened  interval. 

•  The  Geoflow  flowmeter  was  successful  in  providing  groundwater  direction 
and  velocity  profiles  for  the  aquifer  during  the  ambient  measurements  in 
August  1993.  However,  during  the  May  ambient  test,  and  during  the  pump- 


5-1 


ing  test,  the  velocities  for  deeper  zones  from  40  to  70  ft  bgl  could  not  be 
established,  possibly  reflecting  the  sensitivity  of  the  meter  to  vertical  gradi¬ 
ents. 


Aquifer  Properties 


The  aquifer  parameter  calculations  were  within  published  ranges  for  the 
aquifer  material.  Hydraulic  conductivity  values  (from  recovery  data)  ranged 
from  240  to  1,200  ^day  (0.085  to  0.42  cm/sec),  typical  of  sand  to  gravelly 
sands,  respectively.  The  values  of  hydraulic  conductivity  and  groundwater 
average  linear  velocity  generally  showed  strong  correlation  with  the  increas¬ 
ing  aquifer  grain  size  with  depth.  Storativity  values  showed  a  decreasing 
trend  with  0.05  from  10  to  20  ft  bgl  to  0.0006  from  60  to  70  ft  bgl  and 
suggest  that  groundwater  flow  in  the  aquifer  below  20  ft  is  under  confined 
conditions. 

The  range  of  groimdwater  velocities  calculated  by  the  pumping  and  flowme¬ 
ter  tests  is  believed  to  be  representative  of  the  aquifer  to  a  depth  of  200  ft, 
based  on  available  borehole  logs  to  this  depth.  However,  there  are  few 
borehole  logs  to  this  depth,  and  there  are  no  data  on  the  aquifer  below  200  ft. 


The  potential  for  off-site  migration  of  contamination  is  greatest  in  the  higher 
velocity  zones  ranging  from  4  to  about  10  ft/day.  Ignoring  the  effects  of 
dispersion  and  attenuation  (and  assuming  interconnected  high-velocity  zones 
and  constant  gradient  toward  the  river),  the  distance  of  off-site  migration 
ranges  from  1460  ft  to  3650  ft/year,  respectively.  In  effect,  this  migration 
rate  delivers  contamination  of  unknown  concentration  to  the  river  in  about 
one  year. 


Recommendations 


The  flowmeter  is  recommended  for  future  use  at  Galena— it  offers  logistical 
and  cost  advantages  because  it  requires  less  equipment  needs,  fewer  test  man¬ 
hours,  and  generates  no  weiste  water.  The  potential  contaminant  migration 
range  for  relative  high-velocity  zones  suggests  the  need  for  additional  down- 
gradient  contaminant  monitoring  and  further  groundwater  velocity  testing 
with  the  flowmeter. 

The  aquifer  properties  described  in  this  report  are  believed  representative  of 
the  installation  area.  If  remedial  action  is  needed  in  peripheral  areas  to  the 
"installation  triangle",  additional  pumping  tests  would  be  warranted.  Potential 


5-2 


future  aquifer  pumping  tests  should  use  existing  monitor  wells  where  possible 
and  employ  a  pumping  well  centrally  located  to  the  observation  wells. 

The  installation  of  nested  deep  wells  for  contaminant  monitoring  provides  an 
opportunity  for  additional  collection  of  useful  data: 

—  The  borehole  should  be  drilled  with  cable  rig  equipment  (to  minimize 
flowing  sands  and  wellbore  skin  effect)  and  the  monitor  well  complet¬ 
ed  with  10-ft  screen  (or  less)  according  to  the  ASTM  963  specifica¬ 
tions  to  allow  flowmeter  recording  of  deep  aquifer  velocities; 

—  Continuous  water  level  monitoring  of  at  least  two  nested  wells  should 
be  conducted  to  determine  magnitude  and  potential  fluctuation  of 
vertical  gradients; 

—  Representative  formation  samples  for  grain  size  analysis  should  be 
collected  while  drilling  the  deep  wells;  and 

"  After  the  deep  nested  wells  and  other  step-out  shallow  wells  are 
installed,  geophysical  logging  should  be  conducted  on  all  active  wells 
to  better  define  lithology  correlations  and  calibrate  aquifer  properties 
to  lithologies.  The  recommended  geophysical  logs-natural  gamma  ray, 
focused  induction,  and  density/neutron  can  all  be  run  inside  of  the 
well  casing. 


Data  collected  from  the  continuous  water  level  monitoring  is  key  to  under¬ 
standing  vertical  and  horizontal  groundwater  gradients  and  fluctuations  in 
response  to  river  trends.  In  addition  to  the  above-mentioned  deep  monitor 
wells,  two  piezometers  very  near  the  river,  and  one  piezometer  (or  existing 
monitor  well)  in  the  north  installation  area  should  be  added  to  the  existing 
network.  The  measuring  point  (top  of  casing)  should  be  resurveyed  to 
confirm  accuracy. 

If  obtainable,  historical  river  level  data  from  the  Galena  river  gauging  station 
should  be  gathered  and  plotted  to  derive  a  statistical  basis  for  flood  and  low- 
river  levels  at  Galena.  These  levels  directly  affect  the  groundwater  flow  in 
the  aquifer  at  Galena. 
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WATER  SAMPLE  ANALYTICAL  RESULTS 


1358 


1359 


1358 


APPENDIX  B 


DRAWDOWN  DATA  GRAPHS  AND  NEUMAN  TYPE  CURVES 


T)m«-Orawdown  Data  for  Galana  Pumping  Tast 
Tima  Drawdown 
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0224 

0.42 

0.521 

-6.136 

0.212 

0.417 

0.515 

-6.136 

0.215 

0.417 

0.515 

-6.136 

0.218 

0.414 

0.521 

-6.133 

0.224 

0.417 

0.521 

-6.136 

C.221 

0.414 

0.518 

-6.133 

0.224 

0.417 

0.556 

-6.136 

0.221 

0.436 

0.556 

-6.133 

0.218 

0.439 

0.559 

-6.133 

0.221 

0.439 

0.556 

-6.13 

0.215 

0.439 

0.565 

-6.13 

0.228 

0.445 

0.572 

-6.127 

0.221 

0.442 

0.572 

-6.127 

0.221 

0.445 

0.572 

-6.127 

0.218 

0.445 

0.572 

-6.13 

0.221 

0.445 

0.575 

-6.127 

0.218 

0.445 

0.572 

-6.127 

0.218 

0.445 

0.575 

-6.124 

0.224 

0.448 

0.704 

-6.124 

0.224 

0.448 

0.701 

-6.124 

0.221 

0.417 

0.704 

-6.124 

0.221 

0.42 

0.704 

-6.12 

0.228 

0.42 

0.704 

-6.12 

0.228 

0.42 

0.613 

-6.12 

0.224 

0.42 

0.613 

-6.12 

0.224 

0.429 

0.613 

-6.12 

0.224 

0.432 

0.553 

-6.117 

0.224 

0.432 

0.559 

-6.117 

0.224 

0.467 

0.553 

-6.117 

0.218 

0.47 

0.543 

-6.114 

0.224 

0.474 

0.546 

-6.114 

0.228 

0.423 

0.549 

-6.114 

0.231 

0.426 

0.549 

-6.114 

0.231 

0.423 

0.546 

-6.114 

0.231 

0.423 

0.543 

-6.111 

0.221 

0.423 

10.286 

-6.111 

0.224 

0.426 

10.267 

-6.111 

0.231 

0.423 

10.252 

-6.111 

0.228 

0.42 

10.245 

-6.108 

0.234 

0.385 

0.268 

-6.111 

0.231 

0.417 

0.493 

-6.108 

0.234 

0.426 

0.499 

-6.105 

0.234 

0.426 

0.502 

-6.105 

0.234 

0.42 

0.505 

-6.105 

0.237 

0.423 

0.499 

-6.101 

0.228 

0.426 
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APPENDIX  C 

RECOVERY  DATA,  GRAPHS  AND  ANALYSIS 


Racovcry  T««t  Data  tor  Galana  Pumping  last  Aug  26. 1993 

Tima  Drawdown  (taat) 

minutaa 


PW-1  KV-4  KV-5  KV-2  KV-3  KV-6  KV-1  05-MW-12 


0 

1.948 

0.394 

0.302 

0.496 

-6.101 

0.224 

0.426 

0.078 

0.0083 

1.961 

0.387 

0.302 

0.499 

■6.105 

0.221 

0.426 

0.078 

0.0166 

1.954 

0.387 

0.302 

0.499 

■6.105 

0.221 

0.426 

0.078 

0.025 

1.643 

0.387 

0.302 

0.499 

-6.105 

0.221 

0.426 

0.078 

0.0333 

1.104 

0.387 

0.302 

0.493 

-8.105 

0.218 

0.426 

0.078 

0.0416 

1.04 

0.381 

0.299 

0.486 

-6.105 

0.215 

0.426 

0.078 

0.05 

1.351 

0.387 

0.296 

0.466 

-6.105 

0.212 

0.426 

0.078 

0.0583 

1.339 

0.381 

0.293 

0.48 

-6.105 

0.205 

0.426 

0.078 

0.0666 

1.199 

0.381 

0.29 

0.474 

-6.105 

0.202 

0.426 

0.078 

0.075 

1.009 

0.375 

0.287 

0.464 

-8.105 

0.199 

0.423 

0.078 

0.0833 

0.831 

0.368 

0.28 

0.455 

-6.105 

0.193 

0.423 

0.078 

0.0916 

0.665 

0.362 

0.277 

0.448 

-6.105 

0.19 

0.423 

0.078 

0.1 

0.577 

0.356 

0.274 

0.439 

•6.105 

0.163 

0.423 

0.078 

0.1083 

0.507 

0.356 

0.268 

0.429 

■6.105 

0.18 

0.423 

0.078 

0.1166 

0.456 

0.343 

0.261 

0.417 

■6.105 

0.174 

0.423 

0.078 

0.125 

0.425 

0.337 

0.258 

0.407 

-6.105 

0.171 

0423 

0.078 

0.1333 

0.399 

0.337 

0.252 

0.398 

-6.105 

0.164 

0.423 

0.078 

0.1416 

0.38 

0.324 

0.246 

0.385 

-6.105 

0.158 

0.423 

0.078 

0.15 

0.38 

0.317 

0.242 

0.379 

-6.105 

0.155 

0.42 

0.078 

0.1583 

0.361 

0.311 

0.239 

0.369 

-6.105 

0.148 

0.42 

0.078 

0.1666 

0.355 

0.311 

0.236 

0.38 

•6.105 

0.145 

0.42 

0.078 

0.175 

0.355 

0.305 

0.23 

0.357 

•6.105 

0.142 

0.42 

0.078 

0.1833 

0.336 

0.292 

0.23 

0.347 

-6.106 

0.139 

0.42 

0.078 

0.1916 

0.33 

0.286 

0.223 

0.341 

-6.105 

0.136 

0.417 

0.078 

0.2 

0.336 

0.286 

0.223 

0.334 

-6.105 

0.136 

0.417 

0.078 

0.2083 

0.33 

0.286 

0.223 

0.328 

•6.105 

0.129 

0.417 

0.078 

0.2168 

0.323 

0.266 

0.22 

0.325 

•6.105 

0.129 

0.417 

0.078 

0.225 

0.317 

0.286 

0.22 

0.322 

•6.105 

0.129 

0.417 

0.078 

0.2333 

0.317 

0.279 

0.217 

0.316 

•6.105 

0.126 

0.417 

0.078 

0.2416 

0.31 

0.279 

0.217 

0.309 

-6.105 

0.129 

0.414 

0.078 

0.25 

0.304 

0.279 

0.214 

0.309 

-6.105 

0.126 

0.414 

0.078 

0.2583 

0.304 

0.267 

0.214 

0.306 

-6.105 

0.126 

0.414 

0.078 

0.2668 

0.304 

0.273 

0.214 

0.303 

-6.105 

0.126 

0.414 

0.078 

0.275 

0.304 

0.273 

0.211 

0.3 

•8.105 

0.123 

0.414 

0.078 

0.2833 

0.298 

0,273 

0.211 

0.297 

•6.105 

0.123 

0.41 

0.078 

0.2916 

0.291 

0.267 

0.211 

0.293 

-6.105 

0.123 

0.41 

0.078 

0.3 

0.298 

0.267 

0.211 

0.29 

-6.105 

0.123 

0.41 

0  078 

0.3083 

0.291 

0.287 

0.208 

0.287 

•6.105 

0.123 

0.41 

0.078 

0.3168 

0.265 

0.267 

0.208 

0.287 

-6.105 

0.12 

0.41 

0.078 

0.325 

0.285 

0.267 

0.208 

0.287 

•6.105 

0.12 

0.41 

0.078 

0,3333 

0.291 

0.26 

0.208 

0.284 

-6.105 

0.12 

0.41 

0.078 

0.35 

0.285 

0.273 

0.205 

0.281 

•6.105 

0.12 

0.407 

0.078 

0.3666 

0.279 

0.26 

0.205 

0.274 

-6.105 

0.117 

0.404 

0.078 

0.3833 

0.279 

0.254 

0.201 

0.271 

•6.105 

0.114 

0.404 

0.078 

0.4 

0.272 

0.254 

0.201 

0.268 

-6.105 

0.114 

0.404 

0.078 

0.4166 

0.266 

0.254 

0.198 

0.265 

-6.105 

0.114 

0.401 

0.082 

0.4333 

0.266 

0.254 

0.198 

0.262 

•6.108 

0.11 

0.401 

0.078 

9.45 

0.26 

0.254 

0.198 

0.259 

•6.105 

0.11 

0.398 

0.082 

0.4666 

0.253 

0.254 

0.195 

0.255 

-6.108 

0.11 

0.398 

0.0*12 

0.4633 

0.26 

0.254 

0.5 

0.26 

0.247 

0.5 188 

0.253 

0.247 

0.5333 

0.253 

0.247 

0.55 

0.253 

0.247 

0.5666 

0.253 

0.241 

0.5833 

0.253 

0.235 

0.6 

0.247 

0.241 

0.6166 

0.253 

0.241 

0.6333 

0.247 

0.241 

0.65 

0.247 

0.241 

0.6666 

0.247 

0.241 

0.6833 

0.253 

0.235 

0.7 

0.247 

0.241 

0.7166 

0.241 

0.235 

0.7333 

0.247 

0.241 

0.75 

0.241 

0.235 

0.7686 

0.241 

0.226 

0.7833 

0.234 

0.235 

0.8 

0.247 

0.228 

0.8166 

0.234 

0.235 

0.8333 

0.234 

0.235 

0.85 

0.234 

0.228 

0.8666 

0.234 

0.228 

0.8633 

0.234 

0.228 

0.9 

0.234 

0.228 

0.9166 

0.226 

0.228 

0.9333 

0.234 

0.235 

0.95 

0.226 

0.235 

0.9666 

0.234 

0.228 

0.9833 

0.222 

0.235 

1 

0.226 

0.228 

1.2 

0.226 

0.222 

1.4 

0.228 

0.216 

1.6 

0.215 

0.218 

1.8 

0.203 

0.216 

2 

0.215 

0.203 

2.2 

0.209 

0.209 

2.4 

0.203 

0.209 

2.6 

0.203 

0.197 

2.8 

0.196 

0.203 

3 

0.196 

0.203 

3.2 

0.19 

0.197 

3.4 

0.19 

0.197 

3.8 

0.19 

0.19 

3.8 

0.196 

0.19 

4 

0.19 

0.19 

4.2 

0.184 

0.184 

4.4 

0.184 

0.184 

4.6 

0.184 

0.184 

4.8 

0.177 

0.184 

5 

0.177 

0.178 

5.2 

0.184 

0.178 

0.195 

0.255 

-6.106 

0.195 

0.252 

-6.106 

0.192 

0.240 

.6.108 

0.192 

0.249 

-6.108 

0.192 

0.246 

-6.108 

0.192 

0.246 

-6.106 

0.192 

0.243 

-6.108 

0.192 

0.243 

-6.108 

0.192 

0.24 

-6.106 

0.192 

0.24 

-6.111 

0.189 

0.24 

-6.111 

0.189 

0.237 

-6.111 

0.189 

0.237 

-6.111 

0.189 

0.237 

-6.111 

0.189 

0.233 

•6.111 

0.189 

0.233 

-6.111 

0.189 

0.233 

•6.111 

0.189 

0.23 

-6.114 

0.186 

0.23 

-6.114 

0.186 

0.227 

-6.1 14 

0.186 

0.227 

•6.114 

0.186 

0.227 

-6.114 

0.186 

0.227 

-6.114 

0.186 

0.227 

•6.117 

0.182 

0.224 

-6.117 

0.182 

0.224 

•6.117 

0.182 

0.224 

•6.117 

0.182 

0.221 

•6.117 

0.182 

0.221 

•6.117 

0.182 

0.221 

•6.117 

0.182 

0.221 

■6.12 

0.182 

0.221 

•6.12 

0.178 

0.211 

-6.124 

0.176 

0.208 

-6.13 

0.173 

0.202 

-6.133 

0.173 

0.199 

-6.139 

0.17 

0.192 

-6.143 

0.167 

0.189 

•6.149 

0.167 

0.186 

•6.152 

0.164 

0.183 

•6.158 

0.164 

0.18 

•6.182 

0.164 

0.178 

•6.185 

0.16 

0.173 

•6.168 

0.16 

0.17 

•6.174 

0.157 

0.167 

-6.177 

0.157 

0.167 

•6.181 

0.157 

0.164 

-6.184 

0.154 

0.158 

•6.187 

0.151 

0.154 

-6.19 

0.151 

0.151 

-6.193 

0.151 

0.151 

-6.196 

0.151 

0.148 

•6.2 

0.151 

0.148 

-6.203 

0.11 

0.398  0.082 

0.107 

0.396  0.062 

0.107 

0.395  0.082 

0.107 

0.;;91  0.082 

0.107 

0.391  0.082 

0.107 

0.388  0.062 

0.107 

0.388  0.082 

0.107 

0.388  0.082 

0.107 

0.386  0.082 

0.104 

0J85  0.078 

0.107 

0.385  0.078 

0.104 

0.382  0.078 

0.104 

0.382  0.078 

0.104 

0.382  0.078 

0.104 

0.382  0.078 

0.104 

0.382  0.078 

0.104 

0.379  0.078 

0.104 

0.379  0.078 

0.104 

0.379  0.078 

0.104 

0.378  0.078 

0.101 

0.378  0.078 

0.104 

0.372  0.078 

0.101 

0.372  0.078 

0.104 

0.372  0.078 

0.101 

0.372  0.078 

0.101 

0.369  0.078 

0.101 

0.369  0.078 

0.101 

0.369  0.078 

0.101 

0.366  0.078 

0.101 

0.368  0.078 

0.101 

0.366  0.078 

0.101 

0.366  0.078 

0.101 

0.36  0.082 

0.101 

0.353  0.082 

0.096 

0.347  0.082 

0.098 

0.341  0.082 

0.098 

0.334  0.082 

0.098 

0.328  0.085 

0.095 

0.325  0.085 

0.095 

0.322  0.085 

0.095 

0.316  0.085 

0.095 

0.312  0.085 

0.095 

0.309  0.082 

0.091 

0.306  0.078 

0.091 

0.303  0.078 

0.091 

0.3  0.082 

0.088 

0.297  0.082 

0.088 

0.293  0.085 

0.085 

0.29  0.085 

0.085 

0.287  0,088 

0.082 

0.287  0.088 

0.082 

0.284  0.085 

0.082 

0.281  0.085 

5.4 

0.171 

0.171 

5.6 

0.177 

0.178 

5.8 

0.184 

0.171 

6 

0.171 

0.171 

6.2 

0.165 

0.171 

6.4 

0.165 

0.171 

6.6 

0.177 

0.165 

6.8 

0.171 

0.165 

7 

0.171 

0.168 

7.2 

0.171 

0.165 

7.4 

0.165 

0.185 

7.6 

0.165 

0.165 

7.8 

0.165 

0.158 

8 

0.165 

0.165 

8.2 

0.165 

0.165 

8.4 

0.171 

0.158 

8.6 

0.152 

0.156 

8.8 

0.165 

0.158 

9 

0.158 

0.158 

9.2 

0.165 

0.165 

9.4 

0.158 

0.158 

9.6 

0.152 

0.158 

9.8 

0.158 

0.152 

10 

0.158 

0.152 

12 

0.139 

0.152 

14 

0.139 

0.146 

16 

0.139 

0.139 

18 

0.133 

0.139 

20 

0.126 

0.139 

22 

0.126 

0.139 

24 

0.126 

0.127 

26 

0.12 

0.133 

28 

0.114 

0.12 

30 

0.114 

0.12 

32 

0.114 

0.12 

34 

0,114 

0.114 

38 

0.107 

0.108 

38 

0.107 

0.101 

40 

0.101 

0.106 

42 

0.101 

0.108 

44 

0.101 

0.108 

46 

0.101 

0.108 

48 

0.095 

0.101 

50 

0.101 

0.09S 

52 

0.088 

0.101 

54 

0.095 

0.095 

56 

0.088 

0.095 

58 

0.095 

0.095 

60 

0.095 

0.095 

62 

0.088 

0.089 

64 

0.088 

0.095 

66 

0.088 

0.095 

68 

0.088 

0.095 

0.148 

0.148 

-6.206 
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0.132 

-6.228 
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0.123 

-6.244 
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-6.247 
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0.132 

0.12 

-6.25 

0.132 

0.12 
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0.129 

0.107 

-6.268 

0.126 

0.101 
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0,123 

0.094 

-6.285 

0.119 

0.088 

-6.295 

0.118 

0.088 

•6.301 

0.116 

0.082 

■6.307 

0.113 

0.079 

-6.317 

0.11 

0.075 

-6.32 

0.107 

0.072 

•6.326 

0.107 

0.069 

-6.333 

0.104 

0.063 

•6.336 

0.1 

0.06 
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0.1 
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0.094 
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-6.361 

0.091 

0.047 
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0.082 
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0.079 
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0.078 
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DRAWDOWN  DATA  GRAPHS  ANALYZED  BY  THE  COOPER 

AND  JACOB  METHOD 
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APPENDIX  E 

AIR  FORCE  MEMO  ON  FLOWMETER  TESTING  AND 

DATA  ANALYSIS 


Interoffice  Memo 

To:  WES  LANNEN 

From:  JOEMILLHOUSE 

Date:  October  15,  1993 

Subject:  Preliminary  Report  on  the  KVA  Ground  Water  Flow  Study  at  Galena  AFS 

AK 

As  you  know,  a  ground  water  flow  study  is  currently  in  progress  at  Galena  AFS  AK.  Two 
sets  of  ground  water  data  have  been  collected  so  far:  one  set  in  May  during  break-up  of 
the  Yukon  River,  and  a  second  in  conjunction  with  a  hybrid  pumping  test  conducted 
during  late  August.  A  third  set  of  data  will  be  collected  near  the  end  of  October, 
hopeflilly  before  Yukon  River  freeze-up.  In  mid-November  I'll  send  you  a  final  report  on 
our  findings. 


Objectives 

In  March  1993,  1 ICEOS  agreed  to  conduct  the  study  to  support  the  Rl/FS  data  collection 
effort  performed  by  Radian  Corporation.  The  objectives  of  the  study  were  as  follows; 

1.  Determine  the  direction  and  rate  of  ground  water  flow  at  the  POL  site,  using  a 
KVA  Model  40  Ground  Water  Flow  meter 

2.  Install  six  specially  constructed  monitoring  wells  to  determine  the  vertical 
profile  of  flow,  if  possible 

3.  Collect  flow  data  in  conjunction  with  a  hybrid  pumping  test  conducted  by 
Radian  Corporation 

4.  Determine  any  temporal  changes  in  flow,  particularly  during  periods  of  high 
ground  water  associated  with  the  break-up  of  the  Yukon  River 

The  data  collected  in  this  study  will  be  used  to  develop  a  model  of  the  Yukon  River 
alluvial  system.  A  complete  characterization  of  the  ground  water  aquifer  is  necessary  to 
determine  the  extent  of  the  suspected  POL  contamination  of  the  ground  water  at  Galena. 


Methodology 

The  GEOFLO  ground  water  flow  meter  employs  a  heat  pulsing  technique  to  determine  the 
direction  and  magnitude  of  ground  water  flow.  Rapid  and  direct  ground  water  flow 
measurement  uses  the  characteristics  of  heat  transfer  across  a  porous  material.  A 
submersible  probe  is  lowered  down  a  well  and  secured  at  a  known  depth.  The  probe  is 
left  in  the  well  for  several  minutes  to  allow  it  to  come  to  thermal  equilibrium  and  to 
eliminate  the  slug  effect  caused  by  displacing  the  water  in  the  well  during  insertion.  The 
probe  emits  a  transient  short  duration  heat  pulse  which  propagates  in  the  direction  of  flow. 
The  probe  heater  is  surrounded  by  a  circular  array  of  matched  thermal  sensors  which 
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detect  any  temperature  rise  Because  the  heat  source  in  located  in  the  center  of  the 
matched  sensors,  one  pair  of  sensors  will  lie  along  the  axis  of  flow.  In  a  no  flow 
condition,  the  center  of  the  heat  pulse  remains  stationary  and  all  sensors  see  the  same 
temperature  rise.  In  a  flow  condition  ,  the  center  of  the  heat  pulse  is  displaced  in  the 
direction  of  flow,  and  at  the  rate  of  ground  water  flow.  By  scanning  all  pairs  of  matched 
sensors,  the  operator  gains  information  about  the  polar  component  of  flow  The  probe  is 
then  rotated  180^  in  the  well  and  allowed  to  re-equilibrate.  A  second  set  of  readings  is 
then  collected  at  the  same  depth.  Subtracting  the  two  values  corrects  for  any  thermal  bias 
The  machine  reading  results  in  an  array  of  four  sets  of  values  proportional  to  the  annular 
component  of  flow  in  each  direction.  If  the  flow  across  the  well  screen  is  uniform,  a 
circular  array  will  occur  With  steady  horizontal  flow,  the  net  change  in  each  vector 
readout  represents  a  fraction  of  the  magnitude  of  flow  in  the  principal  direction, 
proportional  to  the  cosine  of  the  sensors’  angular  displacement  from  the  in-line  flow 
direction  Since  the  sensors  are  placed  around  the  heat  source  in  45  degree  increments, 
the  magnitude  of  the  vector  at  45  degrees  to  the  principal  flow  direction  would  be  equal  to 
the  cosine  of  the  angle  /Kny  deviation  from  this  cosine  test  indicates  a  non-uniform  flow 
condition 

Practical  calibration  of  the  flow  meter  to  translate  the  meter  readouts  into  transport 
velocity  involves  the  use  of  a  flow  chamber,  (porous  plate  permeameter)  To  simplify 
corrections  for  well-screen  resistance  and  hydraulic-conductivity  difference  between  the 
formation,  annular  packing,  and  the  internal  packing,  a  duplicate  crossection  of  the  well 
emplacement  is  constructed  in  the  flow  chamber.  Aquifer  material  is  compacted  into  the 
flow  chamber.  A  short  section  of  well  screen  is  placed  in  the  chamber  surrounded  by  an 
annular  sand  pack.  Water  is  circulated  through  the  chamber  at  a  known  flow  rate  and  the 
machine  readings  are  recorded.  Three  sets  of  machine  readings  are  collected  at  different 
flow  rates  and  plotted  on  arithmetic  graph  paper.  The  result  is  a  linear  plot  of  velocity-vs- 
machine  units.  Measurements  collected  in  the  field  (down  the  well)  are  converted  to 
velocity  using  the  calibration  curve. 


Well  Installation 

The  accuracy  of  determination  of  the  flow,  in  water  bearing  strata,  depends  greatly  on  the 
method  of  emplacement  of  the  well  into  the  water-bearing  strata.  It  is  essential  to 
maintain  capillary  flow  across  the  entire  screened  crossection  to  allow  measurement  of 
transport  velocities.  The  choice  of  well  screen,  screen  length,  type  of  packing  material 
between  the  well  screen  and  the  formation,  method  of  drilling,  development,  and 
centralizing  of  the  screen  in  the  borehole  all  have  a  important  role  in  obtaining  accurate 
flow  data. 

One  6-inch  diameter  PVC  pumping  well  and  six  4-inch  PVC  monitoring  wells  were 
constructed  in  a  circular  array  around  05-MW-06.  The  wells  were  placed  between  10  and 
30  foot  radiuses  from  05-MW-06.  The  pumping  well  was  screened  between  25  and  65 
feet  below  the  land  surface  using  6-inch  stainless  steel  Johnson  V-wire  screen.  Twenty 
seven  feet  of  blank  PVC  casing  was  installed  above  the  screen  and  5  feet  of  blank  casing 
was  installed  below  the  screen  The  monitoring  wells  were  constructed  with  a  10  foot 
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screened  section  from  60-70  feet,  50-60  feet,  40-50  feet,  30-40  feet,  20-30  feet,  and  10-20 
feet,  respectively.  The  wells  were  constructed  using  Johnson  V-wire  PVC  continuous 
wrapped  screen  in  accordance  w  \STM  Special  Method  963  "Monitoring  Well 
Construction,  and  Recommende  :caures  for  Direct  Ground-Water  Flow 
Measurements  Using  a  Heat-Pui:»<<g  Flow  Meter."  The  wells  were  staked  prior  to  drilling, 
using  a  cloth  tape  and  a  right  angle  prism,  using  monitoring  well  05-MW-06  as  reference. 
The  monitoring  well  locations  are  shown  on  the  attached  map. 


The  wells  were  drilled  with  a  CME-850  drill,  fitted  with  a  12  inc.  '  ).D  hollow-stem 
auger  The  drill  is  owited  and  operated  by  *he  1 1  CEOS/CEOR,  Elmendorf  AFB  AK 
Samples  were  collected  in  each  boring  at  2.5  to  5  0  foot  intervals.  Samples  were  collected 
by  driving  a  3  0  inch  diameter  sampler  24  inches  ahead  of  the  auger,  using  a  300  pound 
hammer  free  falling  a  distance  of  30  inches,  llie  penetration-resistance  value  shown  on 
the  well  boring  logs  is  the  number  of  blows  required  *  ‘rive  the  sampler  the  last  1 2 
inches  As  the  samples  were  recovered  they  were  >assified  and  retained  for 

calibrating  the  flow  meter  The  information  obtaineu  d  *  >  ,g  the  field  exploration  is 
presented  graphically  on  the  attached  well  logs  it  should  be  noted  that  *he  descriptions 
shovm  on  the  attached  well  logs  are  based  on  visual  classifications  only,  they  have  not 
been  verified  by  laboratory  testing 


Data  Collection 

The  procedure  for  determining  flow  rate  and  direction  consists  of  lowering  a  probe  down 
the  well  using  hollow  aluminum  rods  with  snap  connectors  The  orientation  of  the  probe 
is  controlled  by  a  magnetic  compass  attached  to  the  top  of  the  rods.  The  probe  is  left  to 
stabilize  for  a  short  time  and  a  set  of  four  readings  are  recorded.  The  axis  of  flow  is  found 
by  plotting  the  individual  vectors  (head  to  tail)  on  polar  graph  paper.  The  principal  flow 
direction  is  determined  by  connecting  a  iine  from  the  origin  to  the  point  of  the  last  vector. 
Rate  is  determined  from  the  calibration  curve,  using  the  machine  reading  which 
corresponds  to  the  strongest  vector  (i.e.  along  the  axis  of  flow).  Three  sets  of  data  were 
collected  at  equally  spaced  intervals  within  each  of  the  10-foot  well  screens.  The  mean 
flow  and  direction  across  a  screen  is  the  average  of  the  three  readings. 

The  wells  were  first  profiled  between  25-27  May  1993.  The  three  shallow  wells,  KV-1, 
KV-2,  and  KV-3  produced  relatively  consistent  data.  The  data  from  wells  KV-4,  KV-5, 
KV-6  (40-70  feet)  produced  unusable  data.  The  vector  plots  from  these  wells  failed  to 
show  any  uniformity  of  flow.  Construction  of  these  wells  was  complicated  by  the 
presence  of  heaving,  or  fluidized  sand  intruding  into  the  open  auger  during  well 
construction.  We  believe  that  this  prevented  the  placement  of  a  uniform  sand  pack  around 
the  annulus  of  the  screen,  which  distorted  the  flow  field  through  the  screen.  The  three 
wells  were  re-drilled  in  August  using  wooden  plugs  wedged  into  the  bottom  of  the  auger 
to  prevent  sand  and  gravel  from  rising  into  the  borehole  under  hydrostatic  pressure.  A 
second  set  of  data,  collected  in  August,  produced  much  better  results.  The  re-drilled  wells 
are  numbered  KV-4A,  KV-5A,  and  KV-6A  on  the  well  logs. 
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A  second  set  of  ambient  data  was  collected  between  2 1  -30  August  1 993.  Five  of  the  six 
wells  produced  relatively  consistent  data.  Re-drilled  well  KV-6A  continues  to  give 
inconsistent  results. 


Radian  Corporation  conducted  an  aquifer  pumping  test  in  July  as  part  of  the  IRP  field 
activities.  Pumping  tests  are  used  to  evaluate  the  hydraulic  characteristics  of  the  upper 
part  of  the  aquifer,  including  transmissivity,  storage  coefficient,  and  hydraulic 
conductivity.  The  data  are  necessary  to  understand  ground  water  and  hydrocarbon 
migration  through  the  subsurface,  and  for  developing  an  effective  and  efficient 
remediation/treatment  system. 

Direct  velocity  measurements  can  be  used  in  conjunction  with  pumping  to  determine  the 
hydraulic  conductivity  of  a  strata.  Calculating  hydraulic  conductivity  using  the  GEOFLO 
flow  meter  is  based  upon  velocity  changes  observed  during  pumpage  from  a  well  located 
down  gradient  of  an  observation  well.  The  six  inch  well  was  pumped  for  1 1  hours  at  a 
rate  of  7S  gallons  per  minute  and  the  decline  in  water  levels  in  the  observation  well  were 
recorded.  The  wells  were  profiled  using  the  GEOFLO.  The  hydraulic  conductivity  is 
directly  proportional  to  the  observed  change  in  velocity  and  inversely  proportional  to 
drawdown,  as  a  result  of  pumping. 


Results 

The  first  set  of  flow  data  was  collected  in  May  1993,  during  the  break-up  of  the  Yukon 
River.  Only  the  data  from  the  three  shallow  wells  are  presented.  The  data  from  the 
deeper  wells  was  unusable  for  the  reasons  mmtioned  above. 

Ground  water  levels  respond  to  changes  in  water  levels  at  the  river.  The  response  of  the 
water  table  to  recharge  is  very  rapid.  During  periods  of  high  water,  water  from  the  Yukon 
River  recharges  to  local  unconfined  aquifers.  During  the  period  05-2 1  May,  ground  water 
levels  rose  10  feet,  or  1 .6  feet  per  day.  The  ground  water  gradient,  measured  on  May  17 
1993,  was  1.6  x  lO'^  in  a  north-northwest  direction  (337®)  away  from  the  river.  Ground 
water  flow  directions,  measured  with  the  flow  meter,  varied  from  353°  to  3°  with  a  mean 
direction  of  340^.  This  result  is  very  close  to  the  direction  calculated  using  the  gradient 
solution.  These  flow  directions  reflect  localized  flow  changes  due  to  recharge  events 
associated  with  the  spring  flood. 

The  velocity  data  showed  much  greater  vari^ility.  Velocities  ranged  from  0.8  to  5.4  feet 
per  day.  Averaged  over  the  screened  portioned  of  the  aquifer  the  mean  flow  is  1 .8  feet 
per  day.  Ground  water  flow  directions  and  rates  are  shown  in  tabulated  on  the  following 
page. 

A  second  set  of  ambient  data  was  collected  in  August  1993.  The  data  from  all  six  wells  is 
presented,  however  data  from  well  KV-6A  is  not  included  in  the  analysis.  Ground  water 
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flow  direction  ranged  from  154^  to  218^  with  an  average  value  of  183^.  Ground  water 
flow  direction  has  reversed  from  the  direction  in  May,  and  now  flow  south-southwest 
toward  the  river.  Velocities  ranged  between  1.2  to  8.7  feet  per  day  with  an  average  value 
of  3.4  feet  per  day.  The  individual  velocities  show  the  same  variability  as  the  May  data, 
however  when  averaged  over  the  entire  screened  interval  velocities  are  reasonably 
consistent. 

The  GEOFLO  data  can  be  used  to  calculate  hydraulic  conductivity.  Assuming  a  field 
porosity  of  28  percent,  and  using  the  average  water  table  gradient  of  l.S  x  10~^  (Radian, 
1993),  the  mean  hydraulic  conductivity  (K)  can  be  calculated  from  Darcy's  transport 
equation  for  flow ; 

K=  Vn 
dh/dl 

Where: 

V  =  mean  transport  velocity 
n  =  porosity 

dh  =  change  in  static  head  slope 
dl  change  in  distance  slope 

The  hydraulic  conductivity  values  for  the  May  1993  data  ranges  from  170  to  520  feet  per 
day  with  an  average  of  340  feet  per  day.  The  conductivity  values  for  August  range  from 
340  to  880  feet  per  day,  with  an  average  of 630  feet  per  day. 

The  wells  were  profiled  again  during  the  aquifer  pumping  test.  The  well  was  pumped  for 
I  i  hours  at  a  rate  of  75  gallons  per  minute.  Three  wells  were  profiled  while  pumping,  and 
the  drawdown  recorded.  Nine  observations  were  made,  of  which  only  four  produced 
usable  data.  Hydraulic  conductivity  can  be  determined  from  the  following  expression; 

K  =  (Vo  -  Vj)  n 
Ho  +  Hj 

Where. 

Hq  =  Static  ground  water  gradient 
Hi  =  Gradient  induced  by  pumping 

Hydraulic  conductivity  calculated  by  this  method  range  from  590  to  1070  feet  per  day.  As 
a  backcheck  on  velocity  from  pumping,  the  transport  velocity  change  in  a  uniform  strata 
at  a  known  distance  from  the  pumping  well  can  be  computed  as; 


Preliminary  Report  on  the  KVA  Ground  Water  Flow  Study  at  Galeiui  AFS  AK 


10/l5/93Page6 


AV  =  Q 

inDtan 


Where. 

AV  =  transport  velocity  (feet/day) 

Q  =  pumping  rate  (cu.  fVday 
77-  3.14 

D  =  Diameter  (21  from  pumping  well  to  observation  well) 
n  =  field  porosity 
m  =  depth  of  screen 


The  calculated  velocity  change  and  the  observed  velocity  agree  for  wells  KV-2  and  KV-3. 
Well  KV-1  had  a  much  higher  pumping  velocity  than  expected.  The  hydraulic 
conductivity  value  for  KV-1,  measured  during  the  pumping  test,  is  believed  to  be  high 
when  compared  to  the  ambient  data. 


Conclusioos 


The  conclusion  from  the  data  collected  thus  fiu*  are  summarized  below. 


•  The  GEOFLO  flow  meter  was  very  successful  in  determining  ground  water  flow 
directions.  In  many  cases  where  ground  water  velocities  could  not  be  determined,  the 
principal  flow  directions  could  easily  be  established. 


•  Velocity  measurements  collected  during  the  pumping  test  provided  mixed  results. 
When  the  method  worked,  it  seemed  to  work  wdl.  When  a  uniform  flow  field  is 
present,  consistent  data  was  obtained.  This  occurred  however,  in  only  three  of  the 
nine  observations  made. 


•  The  velocity  profiles  show  considerable  variability  in  flow  rate  within  each 
screened  section.  All  aquifers,  regardless  of  how  uniform,  will  ’isplay  some  degree  of 
heterogeneity.  The  variability  in  flow  rates  exhibited  by  the  dau  is  not  believed  to  be 
the  result  of  heterogeneity  in  the  aquifer,  but  rather  to  distortion  of  the  flow  field 
through  the  well  screen.  Dr.  William  Kerfoot,  of  KV- Associates  agreed  that  a  lO-fold 
increase  in  velocity  in  a  uniform  strata  is  too  large.  He  recommended  using  shorter 
sections  of  well  screen,  to  minimize  this  effect  of  cross-channeling,  and  to  isolate  the 
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zone  of  interest.  If  that  were  not  possible.  Dr.  Kerfoot  suggested  calculating  the  mean 
flow  rate  and  direction  across  the  intercepted  cross  section  of  the  screen. 

•  Hydraulic  conductivity  values  calculated  using  the  flow  meter  are  consistent  with 
those  ant  ipated  in  clean  sands  and  gravels  (Freeze  &  Cherry,  1979)  such  as  those 
found  at  the  site.  Averaging  the  flow  rate  within  eacii  screen  section  provides 
reasonably  consistent  data,  however,  a  continuous  profile  of  velocity  with  depth  is  not 
possible. 


AMBIENT  GROUND  WATER  FLOW  DATA 
I  MAY  1993 


GROUNDWATER  FLOW  WORKSHEET 

For  use  wilh  K-V  Associates.  Inc.  Groundwater  Flowmeters,  4  Chsnn©!  prob© 


_ 


Table  of  LCD  Readout 

1-^N  A  «  c 


Prob« 

patr 


/  C*  /  ^  > 

•»  /  i  /  “*>  / 


Operator:  _  Date:  ^ 

StatiQn:^^^~/^'<> _  Time: _ 

I  ncatinn:^^^  ~  _ 

Soil  Conditions: 

n<»nth  fn  M«»aciiriamAn  t : \ 


^1/-6 

X 

40 

SI 

^2/-7 

7 

*3/-8 

o 

"V 

-r 

>4/-9 

d- 

Depth  to  Measurement: 


tOTATE  PROBE  180  AT  SAME  DEPTH 

■‘""S  /  °/  '/  /  "  /  A- 

Probe  /S' /}>  /  /  N-S  /« /* 

pair 


+1  /-6 

7C 

*2/-7 

*3/-8 

1 

2  7 

♦  4.-9 

72- 

7/ 

/ 

?/ 

T<xy 

^S2 

•?3 

/  /  ^ 

if  /  . 

'e 


280 

(D  W 
260 


SO 

e(D 


llse  of  Table  200  —  '  leo 

I  COLUMN  G  -  Divide  each  reading  In  ’®°5 

colunm  F  by  Che  largest  absolute  value. 

Drav  these  4  vectors  on  the  circle 

I  chart  according  to  the  scale  provided  Vector  Resolution  to  Determine  Direction 

(l.e.  strongest  vector  ■  1.00).  - - 

1.  Use  KVA  Vector  Addition  Program  m-S8/S9*HP4ic!ca  leu  la  tors 


- - O  —  - - r-- 

(l.e.  strongest  vector  ■  1.00). 

Cosine  Test  Shows  Uniform  Flow 

I  Vector  end  ^ — ~~‘vi  on 

"points  will  closely  ^  A 
fit  a  circle  in-  { 

I  scribed  about  the  1  j 

longest  vector.  \  JP  J 

Values  In  column  G  \^FLOW>/ 

-•til  approximate  vector 
ll engths  shown  at  right. 


2.  Solve  graphically  by  placing  4  individual  vector 
segments  sequentially  head  to  tail.  (See  manual 
for  detailed  instructions). 

Velocity  Determination 

Refer  to  your  calibration  curve  of  readout  versus 
preferred  units  of  flow  (e.g.  feet  per  day). 


Direction: 


Velocity: 


Form  104  available  from  your  local  K-V  Associates,  Inc.  dealer. 
Copvriqht  1901  K-V  ASSOCIATES.  INC.,  Falmouth.  MA  02540 
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GROUNDWATER  FLOW  WORKSHEET 

For  use  with  K-V  Associates.  Inc.  Groundwater  Flownneters.  4  Channol  probe 


Table  of  LCD  Readout 

1— N  A 


41/-6 

^7 

^8 

25 

♦2/-7 

/• 

52 

f 

*3/-8 

/» 

r 

/C 

•►4/-9 

52 

-^8 

Operator :  3i£! 

_  Date: 

Slation:^!^^ 

.  Time: 

1  ocation:  "Xhc.  ^  ~ 

Soil  Conditions: 

u 

Depth  to  Measurement:  “I. 

n 

340 


ROTATE  PROBE  lao”  AT  SAME  DEPTH 


1 


Probe 

pair 


♦1/-6 

'8 

43 

♦2/-7 

o 

♦3/- 8 

t- 

/•f 

4-4/-9 

^7 

^Z7 

^zc 

u 

r,/ 

A 

'65 

'<>7 

'M 

“76 

Use  of  Table 

COLUMH  G  •  Divide  each  reading  In 
column  F  by  Che  largest  absolute  value. 
Orav  these  4  vectors  on  the  circle 
chart  according  Co  the  scale  provided 
(l.e.  strongest  vector  *  1.00). 

Cosine  Test  Shows  Uniform  Flow 

Vector  end 
points  will  closely 
fit  a  circle  In¬ 
scribed  about  the 
longest  vector. 

Values  in  column  G 
.'ll!  approximate  vector 
lengths  shown  at  right. 


200 


160 


180 

Vector  Resolution  to  Determine  Direction 

1.  Use  KVA  Vector  Addition  Program  tn-sa/sv-HMiclca  leu  la  tors 
OR 

2.  Solve  graphically  by  placing  4  individual  vector 
segments  sequentially  head  to  tail.  (See  manual 
for  detailed  instructions). 

Velocity  Determination 

Refer  to  your  calibration  curve  of  readout  versus 
preferred  units  of  flow  (e.g.  feet  per  day). 


Direction: 


Velocity: 


Form  104  available  from  your  local  K-V  Associates,  Inc.  dealer. 
Copyriqht  1981  K”V  ASSOCIATES,  INC..  Falmouth.  MA  02540 


onOUIMUVVM  I  cn  TLUW  VVU 

For  use  with  K-V  Associates.  Inc.  Groundwater  Flowmeters.  4  ChdriMGl  probe 


Table  of  LCD  Readout 


Operator 


Date^  ’h/^  V 


♦1/-6 


♦3/  8  u 


|♦4/-9''l/  ^/|.?< 


Station:^  _ _  Time- _ 

Location:  A _ _ 

Soil  Conditions:  ^  t.  // 

Depth  to  Measurement:  ^  'p<'^"'r*'-e  frc  \ 


OTATE  PROBE  180"  AT  SAME  DEPTH 


*6  \^o 


*21-7 


♦3/*  8 


+4/- 9  k, 


^3  .% 


>  I  // 


Ise  of  Table 


COLUMN  G  -  Divide  each  reading  la 

folumn  F  by  the  largest  absolute  value. 

rav  these  4  vectors  on  the  circle 
chart  according  to  the  scale  provided 
(l.e.  strongest  vector  *  1.00), 

bosine  Test  Shows  Uniform  Flow 

■  Vector  end  i.oo 


I  rvckUK  cnu  ^ 

lotnts  will  closely  y' 
Tit  a  circle  In-  / 
scribed  about  the  I 

longest  vector.  \ 

values  in  column  Q 
will  approximate  vector 
lengths  shown  at  right. 


Vector  Resolution  to  Determine  Direction 

1.  Use  KVA  Vector  Addition  Program  n'i-ss/S9'HP4|c)ca  leu  la  tors 
OR 

2.  Solve  graphically  by  placing  4  Individual  vector 
segments  sequentially  head  to  tall.  (See  manual 
for  detailed  instructions). 

Velocity  Determination 

Refer  to  your  calibration  curve  of  readout  versus 
preferred  units  of  flow  (e.g.  feet  per  day). 


Direction: 


Velocity:  .jAf  fr/ 


Form  104  available  from  your  local  K-V  Associates,  Inc.  dealer. 
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GROUNDVvATER  FLOW  WOR/CSHEET 

For  with  K'V  Associates,  tnc.  Groundwater  Flowmeters.  4  Channel  probe 


/c" '  -CO 

Table  of  LCD  Reaoout 

_  Operator :  Af'  ^ »c. _  Date:  S'  ~  Z7  -  9  J 

ARC  0/1 

/-/  /  /  Station:  Time:^?JS 

////A/  o  - 

^  /  /  /  /  .ocation:  ^  ^  C‘*<'  ^^7t6S\ 

Soil  Conditions: 

Depth  to  Measiiremen  t :  /M3^v/f£A/T 


Prob* 

p«tr 


ARC 

/  y 

•»  /  •  /  ^  / 


I :  ^  ^ /re ^ e  ^ f  7/ 


*1/  6  *4/J 


*3/8 


♦4/-9(j« 


ROTATE  PROBE  180**  AT  SAME  DEPTH 
1— ►C  D  E  S  F  G 


Probe 

pair 


''  /  •/*•*. 


+1/-6 

S 

S 

♦2/'7 

<S3 

A/ 

♦3/-8 

J/ 

7 

♦4/-9 

a 

7? 

“/8 

1 

.75 

-3 

.3 

'/o 

'83 

280 

(D  W 
260 


Use  of  Table 

COLUMN  Q  -  Divide  each  reading  in 
column  F  by  the  largest  absolute  value. 
Draw  these  4  vectors  on  the  circle 
chart  according  to  the  scale  provided 
(l.e.  strongest  vector  ■  1.00). 

Cosine  Test  Shows  Uniform  Flow 
.  -71 

Vector  end  ^^'“^>.^1.00 

points  wilt  closely 
tit  a  circle  in-  f 

scribed  about  the  I  I 

longest  vector.  \  yjl  / 

Values  in  column  G  N^VtOW^/ 

.>111  approximate  vector 
lengths  shown  at  right. 


80 

E® 


Vector  Resolution  to  Determine  Direction 

1.  Use  KVA  Vector  Addition  Program (Ti-58/59^M|c!calcula tors 
OR 

2.  Solve  graphically  by  placing  4  individual  vector 
segments  sequentially  head  to  tail.  (See  manual 
for  detailed  instructions). 

Velocity  Determination 

Refer  to  your  calibration  curve  of  readout  versus 
preferred  units  of  flow  (e.g.  feet  per  day). 


Direction: 


Velocity 


Form  104  available  from  your  local  K-V  Associates,  Inc.  dealer. 
Copyright  1981  K~V  ASSOCIATES,  INC.,  Falmouth,  MA  02540 
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GROUNDWATER  FLOW  WORKSHEET 

For  use  with  K-V  Associates.  Inc.  Groundwater  Flowmeters.  4  Channel  probe 


JC  -CC  5 

Table  of  LCD  Readout  j  - - - — 

a  r  Operator:  _  Date:  ^ 

1— N  ABC 

/>/  /  /  Station:  Time; 

Probe  /  J" / ^ / r  /  - 

^  /  /  /  /  Location:  S  " 6  J7o^^ 

^  ^  ***  Soil  Conditions:  a// <4^ 

^2/-7  'n  rj-  -32  r  .  ^ 

- ^  Depth  to  Measurement:  S/a/  /ota  -  Co 

*3/  Q  z-  -j  -r*  _ _ _ 

MZ-gp-oj  ^  cy.^Ar/j,  0 


Date:  ^  '27‘93 


Probe  / 

pair  / 

^  / 

^  ^ 

71 

■►1/-6 

'33 

z.« 

*2J-7 

'n 

-32 

*3/Q 

z. 

"J 

-s' 

*4/-9 

50 

-/y 

340  _ 


OTATE  PROBE  180  AT  SAME  DEPTH 
1_^C  0  E  S  F  G 


Pro  be 
pair 


///A' 


1+1/ -6  4'2.  JZ  -^/ 

T2/-7  7^  > _ ^ 

♦3/- 8  ^  O 

♦4/-9  2g  ~B 


dl4- 

/ 

/« 

.7r 

/ 

•oy 

'/8 

-PS 

280 

®W 

260 


80 

E@ 

100 


iJse  of  Table  200^' — * — —  '  leo 

.  COLUMN  G  -  Divide  each  reading  la  ^^*^S 

Icoluinn  F  by  Che  largest  absolute  value. 

•Draw  these  a  vectors  on  the  circle 

chart  according  to  the  scale  provided  Vector  Resolution  to  Determine  Direction 


1(1. e.  strongest  vector  *  1.00). 

uosine  Test  Shows  Uniform  Flow 

I  Vector  end  ^.'■'^^>^1.00 

Ipolnts  vl  1 1  closely  ^  A  y^V 
fit  a  circle  in-  f  \L^>7 

gscribed  about  the  1  I 

llongesC  vector.  V  / 

■/a  lues  in  column  G  \^FUOW  >/ 

Jill  approximate  vector 
■lengths  shovn  at  right. 


1.  Use  KVA  Vector  Addition  Program  cn-ss/ss-HMiOca  leu  la  tors 
OR 

2.  Solve  graphically  by  placing  <  individual  vector 
segments  sequentially  head  to  tail.  (See  manual 
for  detailed  instructions). 

Velocity  Determination 

Refer  to  your  calibration  curve  of  readout  versus 
preferred  units  of  flow  (e.g.  feet  per  day). 


Direction: 


Velocity 


y •  y  /"ryo/e* 


Form  104  available  from  your  local  K-V  Associates,  Inc.  dealer. 
Copyriqhf  19B1  K-V  ASSOCIATES,  INC.,  Falmouth.  MA  02540 
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GROUNDWATER  FLOW  WORKSHEET 

For  use  with  K-V  Associates,  Inc.  Groundwater  Flowmeters.  4  Channel  probe 


/C9J  ^ _ 

Table  of  LCD  Readout 

Ooerator:  Date;  'S  ■2  7-9_3 

ABC 

/if/  /  /  Station:  Wc  A  aha  -  CL^Lc*/h  Time:  ^  ?  J  O _ 

Probe  /  S / ^ / 7 / 

/  /  /  /  Location:  ^ 

•^1/-6  tit  <a  f/  g^jj  rinnditinng:  ^’K 

*2J-7  8  3/  i3  _ 

- 1 - 1  “  Depth  to  Meagiirement:/^-^'^"^*^^  s/a/  /a?^-ooS 


Probe 

pair 

/  ^/ 

7\ 

♦1/-6 

*3  7a 

f  / 

-2/-7 

"8  3/ 

■►3/-8 

/z  7( 

•/ 

-►4/-9 

/*/  57 

V/ 

y  c?.w«. 


ROTATE  PROBE  180  AT  SAME  DEPTH 

D  E  S  F  G 

•  «  till  .  • 


(9) 


-  A ff 


0 


Probe 

pair 


♦1/-6  /j 

/X. 

>2/-7  27 

Vd 

7  7 

♦3/- 8  /o 

7 

*3 

4-4/-9  0 

; 

47 

/ 

*03 

-21 

7*3 

280 
®  W 
260 


80 

E@ 


Use  of  Table  zoo  ~'  *  ~~ —  *  igo 

COLUMH  G  •  OlTldc  each  reading  In  2 

column  F  by  the  largest  absolute  value. 

Orav  these  4  vectors  on  the  circle 

chart  according  to  Che  scale  provided  Vector  Resolution  to  Determine  Direction 


(i.c.  strongest  vector  ■  1.00). 

Cosine  Test  Shows  Uniform  Flow 

Vector  end  i  nn 

points  vl  1 1  closely  ^  /T 
fit  a  circle  In-  f 

scribed  about  the  I  j 

longest  vector.  X  ^  / 

/a  lues  In  column  G  N^UOW^/ 

.'ill  approximate  vector 
lengths  shown  at  right. 


1.  Use  KVA  Vector  Addition  Program fri-5a/5»-HP4|c.'ca Iculators 
OR 

2.  Solve  graphically  by  placing  *  Individual  vector 
segments  sequentially  head  to  tall.  (See  manual 
for  detailed  Instructions). 

Velocity  Determination 

Refer  to  your  calibration  curve  of  readout  versus 
preferred  units  of  flow  (e.g.  feet  per  day). 


Direction: 


Velocity:  ^•<g 


Form  104  available  from  your  local  K-V  Associates,  Inc.  dealer. 
Copyright  1981  K“V  ASSOCIATES.  INC.,  Falmouth.  MA  02540 
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MAY  1993 

AMBIENT  FLOW  DATA 


riin^WTiT^Tfl 


IVl  If  Z I 


For  use  with  K-V  Associates,  Inc.  Groundwater  Flowmeters,  4  Channel  probe 


Table  of  LCD  Readout 


♦1/-6 

0 

□9 

•*2/-7 

m 

57 

*3/8 

// 

// 

EB 

Operator:  c/Vtj-y  _  Date:  ''  •  •*^3 

Station:  •  •  '  '  ^  Time:  c''>ZO 

Location:  ~  ^  '3t  3 


Station:  '  -  ^ 


Soil  Conditions:  ^  . 

Depth  to  Measurement:  ^  ^  ^  i 


ROTATE  PROBE  180  AT  SAME  DEPTH 


'6  r  UC‘ 


*2/'7 


+  3/-8 


♦  4/-9 


/  -r 


-7o 


"3  J3 


Use  of  Table 

COLUMN  G  -  Divide  each  reading  in 
column  F  by  the  largest  absolute  value. 
Draw  these  4  vectors  on  the  circle 
chart  according  to  the  scale  provided 
(l.e.  strongest  vector  *  1.00). 

Cosine  Test  Shows  Uniform  Flow 

Vector  end  ^ — “>,.1.00 

points  will  closely  A 

fit  a  circle  In-  / 
scribed  about  the  I  J 

longest  vector.  \  >51  / 

Values  in  column  G  n^TLOW^/ 
ill  approximate  vector 
lengths  shown  at  right. 


Vector  Resolution  to  Determine  Direction 

1.  Use  KVA  Vector  Addition  Proeram  m-si/S9.HP4iclca  Iculators 
OR 

2.  Solve  graphically  by  placing  4  individual  vector 
segments  sequentially  head  to  tall.  (See  manual 
for  detailed  Instructions). 

Velocity  Determination 

Refer  to  your  calibration  curve  of  readout  versus 
preferred  units  of  flow  (e.g.  feet  per  day). 


Direction: 


Velocity:  _ 


Form  104  available  from  your  local  K-V  Associates,  Inc.  dealer. 
Copyright  1981  K-V  ASSOCIATES.  INC.,  Falmouth.  MA  02540 
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UHUUNUWAItK  hLUW  WORKSHEET 

For  use  with  K-V  Associates,  Inc.  Groundwater  Flowmeters,  4  Ch3nn6l  prob6 


Table  of  LCD  Readout 


1— N 

Prob€ 

pair 


A  B 


'  J^/ b  /  V 


“►1/-6  -f  f/U-s 


7  /7 


^CV  .O.  -00<- 

Ooerator:  ^  Date-* 

Station:  Time:  o  if  Q  o 

Location:  'Z  ^ ^  Si-  5 


Soil  Conditions;  ^ 

Depth  to  Measurement:  STcc.  ,  c 


ROTATE  PROBE  180  AT  SAME  DEPTH 


*6  -/;  -7 


♦2/-7  /r 


♦3/*  8 


♦4/-  9  /o  -  -33 


AT  V 


If-  5Z 


Use  of  Table 

COLUMN  G  -  Divide  each  reading  In 
column  F  by  the  largest  absolute  value. 
Draw  these  4  vectors  on  the  circle 
chart  according  to  the  scale  provided 
(l.e.  strongest  vector  -  l.OoK 

Cosine  Test  Shows  Uniform  Flow 

Vector  end  ^  ’  "*> 

points  will  closely  j' 
fit  a  circle  in^  / 
scribed  about  the  |  | 

longest  vector.  \  j!)  / 

Values  in  column  G  \^FLOW  >/ 
will  approximate  vector^ 
lengths  shown  at  right. 


Vector  Resolution  to  Determine  Direction 

l»  Use  KVA  Vector  Addition  Program  rTi-5s/s9*HMic)ca  leu  la  to 

Qfx 

2.  Solve  graphically  by  placing  4  individual  vector 
segments  sequentially  head  to  tall.  (See  manual 
for  detailed  instructions). 

Velocity  Determination 

Kofor  to  your  calibration  curve  of  rfcssSout  versus 
preferred  units  of  flow  (e.g.  feet  per  day). 

_ _ _ _ _ 

r-  ~  7 

Direction:  _  Velocity;  J  O  j 


available  from  your  local  K-V  Associates,  Inc.  dealer 
Copyr.phl  1981  K-V  ASSOCIATES,  INC..  Falmouth.  MA  02540 
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V4I  IVi/V/IVI^  WVM 

For  use  with  K*V  Associates,  Inc.  Gi^oundwater  Flowmeters,  4  Chdnnei  prob6 


Table  of  LCD  Readout 


1— N  A 


Probe 

pair 


♦1/-6 

1:7 

ES 

■‘3/-8 

D 

M/-9 

/V 

*T  /  ^ 
V^/ 


Operator:  ^ 


Date: 


5- 


Station:  '■  0-roc> 

Location:  ^  ~  3' _ ^8  ''5^3 _ 

Soil  Conditions:  ^  > 

Depth  to  Measurement:  GrtxL,  '8 


ROTATE  PROBE  180  AT  SAME  DEPTH 


■6  0  1-70 


*2/'7  n  -'3  -i 


♦3/-8Lz 


'  S  .10 


■27 


2  -8 


Use  of  Table 

COLUMN  G  >  Divide  each  reading  in 
column  F  by  the  largest  absolute  value. 
Draw  these  4  vectors  on  the  circle 
chart  according  to  the  scale  provided 
(l.e.  strongest  vector  ~  1.00). 

Cosine  Test  Shows  Uniform  Flow 

Vector  end  . —  “iv^i.oo 

points  will  closely  z'  ^  /  V 

fit  a  circle  In-  / 
scribed  about  the  I  1 

longest  vector.  \  / 

Values  in  column  G 
will  approximate  vector 
lengths  shown  at  right. 


Vector  Resolution  to  Determine  Direction 

1.  Use  KVA  Vector  Addition  Program  m-s«/59-HMic)ca  leu  la  tort 
OR 

2.  Solve  graphically  by  placing  4  individual  vector 
segments  sequentially  head  to  tall.  (See  manual 
for  detailed  instructions). 

Velocity  Determination 

Refer  to  your  calibration  curve  of  readout  versus 
preferred  units  of  flow  (e.g.  feet  per  day).  ^ 


r-c. 


Direction:  3/  .S' ' 


Velocity: 


Form  104  available  from  your  local  K-V  Associates,  Inc.  dealer. 
Copyriohl  1981  K”V  ASSOCIATES,  INC.,  Falmouth,  MA  02540 
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v^i  iw wf  I  k_i  I  f  ¥v  vv  Vi/ni\oniziz  1 

For  use  with  K*V  Associates,  Inc.  Groundwater  Flowmeters,  4  ChSnnGl  probe 


Table  of  LCD  Readout 

1—N  A  B  C 


♦1/-6 

n 

•»2/-7 

3 

43 

‘»3/-8 

O 

M/-9 

lL_ 

o 

/o  9:^  -oo  y 

Ooerator: 

Date:  •'  '  ^9  -  >3 

Station:^''  ^  ^  ; 

.  Time: 

Location: 

Soil  Conditions:  ''  '  ‘ 

Denth  to  Measurement: 

ROTATE  PROBE  180  AT  SAME  DEPTH 


♦1/-6 

o 

♦2/-7 

// 

33 

♦3/- 8 

1 

ioO 

SI 

♦4/-9 

2 

zn 

l  7 

•56 

5 

•7/ 

/ 

.N 

'? 

1 

Use  of  Table 

COLUMN  G  •  Divide  each  reading  in 
column  F  by  the  largest  absolute  value, 
Drav  these  4  vectors  on  the  circle 
chart  according  to  the  scale  provided 
(l.e.  strongest  vector  ■  1.00). 

Cosine  Test  Shows  Uniform  Flow 

Vector  end 
points  vi  1 1  closely 
fit  a  circle  in¬ 
scribed  about  the 
longest  vector. 

Values  In  column  G  N^FLOW 
will  approximate  vector 
lengths  shown  at  right 


n 


200 


160 


180 

Vector  Resolution  to  Determine  Direction 


OR 


1,  Use  KVa  Vector  Addition  Program  (Ti-5i/s94iMic)C8  leu  la  tor] 

2,  Solve  graphically  by  placing  4  Individual  vector 
segments  sequentially  head  to  tall.  (See  manual 
for  detailed  instructions). 


Velocity  Determination 

Refer  to  your  calibration  curve  of  readout  versus 
preferred  units  of  flow  (e.g.  feet  per  day). 

<7.  V 

_  _ 


f  a*  r  A  ^ 

Direction: 


5S8 


Velocity: 


Form  104  available  from  your  local  K-V  Associates,  Inc.  dealer. 
Copyriqht  1981  K~V  ASSOCIATES,  INC.,  Falmouth,  MA  02540 


9/82 


For  use  with  K-V  Associates,  Inc.  Groundwater  Flowmeters,  4  Channol  probG 


42/-7 

■»3/-8 

37 

■*4/-9 

-/3 

-ir 

tOTATE  PROBE  180  AT  SAME  DEPTH 


-6  y 


42/-7  ^ 


♦3/'8  -5  j; 


♦4/-9  /o\  7  /7 


Use  of  Table 

COLUMN  G  -  Divide  each  reading  in 
column  F  by  the  largest  absolute  value. 
Draw  these  4  vectors  on  the  circle 
chart  according  to  the  scale  provided 
(i.e.  strongest  vector  "  1.00). 

Cosine  Test  Shows  Uniform  Flow 

..  .  -71 

Vector  end  i  on 

points  will  closely  ^ 

fit  a  circle  in-  / 

scribed  about  the  I  j 

longest  vector.  \  / 

Values  in  column  G 

^i  1 1  approximate  vector 

lengths  shown  at  right. 


Vector  Resolution  to  Determine  Direction 

1.  Use  KVA  Vector  Addition  Program  m-58/s9-Hf4ic)ca  leu  la  tors 
OR 

2.  Solve  graphically  by  placing  4  individual  vector 
segments  sequentially  head  to  tail.  (See  manual 
for  detailed  instructions). 

Velocity  Determination 

Refer  to  your  calibration  curve  of  readout  versus 
preferred  units  of  flow  (e.g,  feet  per  day). 

ILl 


Direction: 


Velocity: 


Form  104  available  from  your  local  K-V  Associates,  Inc.  dealer. 
Copyright  1981  K—V  ASSOCIATES.  INC.,  Falmouth,  MA  02540 
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For  use  with  K-V  Associates,  Inc.  Groundwater  Flowmeters,  4  Channel  probe 


Table  of  LCD  Readout 

1-^N  A  B  c 


Probe  / 

pair  /  ■ 

f  w 

f 

■‘1/-6  ! 

♦2/-7 

7 

H 

■^3/-8 

3 

1 

M/-9 

-1 

)TATE  PROBE  180°  AT  SAME  DEPTH 
D  E  S  F  G 


Probe 

N-S  / 

;>alr 

zvv 

-/ 

♦1  /'6 

-z 

/ 

j 

7  / 

♦2/-7 

r 

f 

4. 

5  -7/ 

♦3/' 8 

r 

// 

-  f  .,i 

+4/-9 

r 

1 

-4  .57 

280 
@  W 
260 


Ise  of  Table 

COLUMN  G  -  Divide  each  reading  In 
olufim  F  by  the  largest  absolute  value, 
raw  these  4  vectors  on  the  circle 
hart  according  to  the  scale  provided 
l.e.  strongest  vector  ■  1.00). 

osine  Test  Shows  Uniform  Flow 

Vector  end  ^ .  nn 

oints  will  closely 
It  a  circle  In-  / 
cribed  about  the  I  J 

ongest  vector.  \  / 

slues  In  column  G  n^FLOW 
ill  approximate  vector^  ^ 
engths  shown  at  right. 


Vector  Resolution  to  Determine  Direction 

Us*  KVa  Vector  Addition  Program  rTi-5s/s9>HP4ic)ca  Icula tor 
OR 

2.  Solve  graphically  by  placing  4  individual  vector 
segments  sequentially  head  to  Uil.  (See  manual 
for  detailed  instructions). 

Velocity  Determination 

il*fer  to  your  calibration  curve  of  readout  versus 
Preferred  units  of  flow  (e.g,  feet  per  day). 


r-r 

Direction: 


Velocity: 


Form  104  available  from  your  local  K-V  Associates,  Inc.  dealer. 
Copyright  1981  K“V  ASSOCIATES.  INC.,  Falmouth,  MA  02540 


•  /f- _ 

0-8  r-r/Jix^i 
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Table  of  LCD  Readout 


1-^N  A  B 


Probe 


/  b  / 

^  /  '  j 


•»1/-6  o  -5  -5 


■»2/-7  5r2.  31 


*3/-8  ^6  //  -5 


Operator:  '  3 '-  Date:  ^ ^ 

Station:  ^  ’  '■  C  ■  ■  Time:  _ 

Location:  ^ _ 3«7  •  3  ^'jc  ^ _ 

Soil  Conditions:  ^'/-^  -^  -^  ' 

Depth  to  Measurement:  ;  3,:  •  ~  "•'tiL/ 


/  s-l  -Z2J  -3 


ROTATE  PROBE  180  AT  SAME  DEPTH 


Probe 


-6  \cj  --^3  .fj 


♦2/-7  22 


♦3/-8|/r 


+4/-9  /5'  -(&  -2/ 


u  .58 


-3 


Use  of  Table 

COLUMN  G  -  Divide  each  reading  In 
column  F  by  the  largest  absolute  value. 
Drav  these  4  vectors  on  the  circle 
chart  according  to  the  scale  provided 
(i.e.  strongest  vector  *  1.00). 

Cosine  Test  Shows  Uniform  Flow 

..  j  -71 

Vector  end 

points  will  closely  ^  /  V 

fit  a  circle  in-  / 

scribed  about  the  1  j 

longest  vector.  \  ^  / 

Values  in  column  G  N^TLOW./ 
will  approximate  vector 
lengths  shown  at  right. 


Vector  Resolution  to  Determine  Direction 

1.  Use  KVA  Vector  Addition  Program  m-58/S9.HMiclca  leu  la  tors 
OR 

2.  Solve  graphically  by  placing  4  individual  vector 
segments  sequentially  head  to  tail.  (See  manual 
for  detailed  instructions). 

Velocity  Determination 

Refer  to  your  calibration  curve  of  readout  versus 
preferred  units  of  flow  (e.g.  feet  per  day). 


Direction: _ 


Velocity: 


Form  104  available  from  your  local  K-V  Associates,  Inc.  dealer. 
Copyright  1981  K~V  ASSOCIATES.  INC.,  Falmouth,  MA  02540 
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■  3  'J 


ivy  wi>i  V  v/-«  I  L.  1 1  I  i^vyvv 

For  use  with  K-V  Associates,  Inc.  Groundwater  Flowmeters,  4  Chdimol  prob6 


-oo  4- 

Table  of  LCD  Readout 

^  .nr  Operator:  ^  '■■■'/•■■■ _  Date- X__£Z_lLL_. 

1— ►N  ABC 

Prob.  /f/„  /  /  - — — ■  Time.  - 

pp.r  /yyy  Location.  _ 

^1/  6  ^  -?  -?  g^jj  Conriilionc;  y'y.  Q..-.-  iwj  •- ^ 

■»2/-7  ^3  ,  , 

—  —  Depth  to  Measurement:  y3i^cc.  ;  3  /“gc 

•»3/-8  -J_  l___ _ _ _ 

^4A9h  h'M  0 


ROTATE  PROBE  180  AT  SAME  DEPTH 
i-^C  D  E  S  F  G 


Probe 

pair 

/ 

9  /  €  / 

-7  -7 

■»2/-7 

/J 

^3/-8 

'T 

H  -  1 

■*4/-9 

I'i 

'/T  'z-T 

Probe 

pair 


7A' 


♦1  /-6 

C - 

< 

r — r — 

-4/1  ~^c> 

♦2/*7 

M 

♦3/- 8 

/-r 

7  -/i 

♦4/*9 

Ld 

! 

lb 

•f-5 

•  i.<-. 

-6 

•  5 

280 
0  W 
260 


Use  of  Table 

COLUMN  G  -  Divide  each  reading  in 
column  F  by  the  largest  absolute  value. 
Drav  these  4  vectors  on  the  circle 
chart  according  to  the  scale  provided 
(i.e.  strongest  vector  «■  1.00). 

Cosine  Test  Shows  Uniform  Flow 

Vector  end  nn 

points  will  closely  ^  ^  / 

fit  a  circle  in-  f 
scribed  about  the  I  j 

longest  vector.  \  jp  J 

Values  In  column  G  N^UOWv' 
will  approxiroate  vector 
lengths  shown  at  right. 


Vector  Resolution  to  Determine  Direction 

1.  Use  KVA  Vector  Addition  Program m-5B/59-HMic)ca Icula to 
OR 

2.  Solve  graphically  by  placing  4  Individual  vector 
segments  sequentially  head  to  tall.  (See  oianual 
for  detailed  instructions). 

Velocity  Determination 

Refer  to  your  calibration  curve  of  readout  versus 
preferred  units  of  flow  (e.g.  feet  per  day). 

C  .  '■  ■  7  ^ 

D^Vect?on;  ^  V#*inni»w: 


Velocity: 


Form  104  available  (rom  your  local  K-V  Associates,  Inc.  dea> 
Copyright  1981  K—V  ASSOCIATES,  INC.,  Falmouth,  MA  02540 
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For  use  with  K*V  Associates,  Inc.  Groundwater  Flowmeters,  4  Channel  probe 


-OCT  4- 

Table  of  LCD  Readout  I 


o 

-  // 

-It 

■►2/-7 

-/r 

■»3/-8 

/i- 

7 

-5 

Bl 

-OCT  4- 

Operator:  y-Zous  '  Date:  ^  ~  7  -r  3 

Station:  Time:  ^ 

Location:  ^  Z  -  Z  3^-  J  .r _ 

Soil  Conditions:  ZZri:>/i-y>'  ^ 

Depth  to  Measurement:  2^7  'Z> Toe.  \  3t^.3  6C 


ROTATE  PROBE  180  AT  SAME  DEPTH 


*6 


*1h7 


*3/- a 


♦4/-9 


/4  / 


f) 


3 


-/i.  .75 


Use  of  Table 

COLUMN  G  -  Divide  each  reading  In 
column  F  by  the  largest  absolute  value. 
Draw  these  4  vectors  on  the  circle 
chart  according  to  the  scale  provided 
(l.e.  strongest  vector  ■  1.00). 

Cosine  Test  Shows  Uniform  Flow 

Vector  end  ,  nn 

points  will  closely  jZ  A 
fit  a  circle  in-  f 

scribed  about  the  I  1 

longest  vector.  V  >51  / 

Values  in  column  G  >^FLOW ^Z 

will  approximate  vector 
lengths  shown  at  right. 


Vector  Resolution  to  Determine  Direction 

1.  Use  KVA  Vector  Addition  Program  m-5B/594<P4ic)C8  leu  la  tors 
OR 

2.  Solve  graphically  by  placing  4  individual  vector 
segments  sequentially  head  to  tail.  (See  manual 
for  detailed  instructions). 

Velocity  Determination 

Refer  to  your  callbretion  curve  of  readout  versus 
preferred  units  of  flow  (e.g.  feet  per  day). 

_ _ 

MatiAienc.  Q  j  Sf  /  y 

Direction:—^: _  Vninnity: 


Form  104  available  from  your  local  K-V  Associates,  Inc.  dealer. 
Copyriqht  1981  K-V  ASSOCIATES.  INC.,  Falmouth,  MA  02540 
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UHUUNUWAItH  l-LUW  WUKKbHEET 

I  For  use  with  K-V  Associates.  Inc.  Groundwater  Flowmeters,  4  Channel  probe 


I  COLUMN  G  -  Divide  each  reading  In 
lolunin  F  by  the  largest  absolute  value, 
brew  these  4  vectors  on  the  circle 
chart  according  to  the  scale  provided 
1^1. e.  strongest  vector  “  1.00). 

..osine  Test  Shows  Uniform  Flow 

I  Vector  end  on 

olnts  will  closely  ^ 

fit  a  circle  in-  / 

Icrlbed  about  the  1  I 

ongest  vector.  \  / 

a  lues  in  column  G 
•'ill  approximate  vector 
lengths  shown  at  right. 


Vector  Resolution  to  Determine  Direction 

1.  Use  KVa  Vector  Addition  Program  m-5«/'S9-HP4K)ca  leu  la  tors 
OR 

2.  Solve  graphically  by  placing  4  Individual  vector 
segments  sequentially  head  to  tail."  (See  manual 
for  detailed  Instructions). 

Velocity  Determination 

Refer  to  your  calibration  curve  of  readout  versus 
preferred  units  of  flow  (e.g.  feet  per  day). 


Direction*. 


no 


Velocity' 


Form  104  available  from  your  local  K-V  Associates,  Inc.  dealer. 
Copyright  1981  K”V  ASSOCIATES,  INC.,  Falmouth,  MA  02540 
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GROUNDWATER  FLOW  WORKSHEET 

For  use  with  K-V  Associates  Inc.  Groundwater  Flowmeters.  4  Channel  probe 


Table  of  LCD  Readout 

1— N  A  B  c 


Probe  / 

pair  / 

K 

A 

•»1/'6  o 

¥ 

to 

10 

*21-7  ZO 

rj 

73 

■►3/-8  /? 

S'C 

-4/-9  n 

7/ 

ze 

oo  9? A  -oa4- _ _ 

Operator:  Date:  3 

Station- /tv _  T  ime: _ _ 

Location:  _ 

Soil  Conditions: 

Depth  to  Measurement:  ^ 7  k3/~<?c  '  f 


ROTATE  PROBE  180  AT  SAME  DEPTH 
-1-^C  D  E  S  F  G 

•  lit/  .  • 


Probe 

pair 


'/A' 


>1  /-6 

f 

o 

£ _ 

£ - 

46 

♦2/*7 

3 

i-? 

-►3/- 8 

£> 

if  a. 

*41-9 

S' 

3J- 

-‘i' 

"*7 

'o 

"/ 

'7 

•z. 

‘IS 

280 

(D  w 
260 


Use  of  Table 

COLUMH  G  -  Divide  each  reading  la 
column  F  by  the  largest  absolute  value. 
Draw  these  4  vectors  oo  the  circle 
chart  according  to  the  scale  provided 
(l.e.  strongest  vector  *  1.00). 

Cosine  Test  Shows  Uniform  Flow 

Vector  end  l.OO 

points  will  closely  ^  A 

fit  a  circle  In-  / 

scribed  about  the  I  1 

longest  vector.  \  J 

Values  in  column  G  n^FUOW>/ 

.'ll!  approximate  vector 
lengths  shown  at  right. 


80 

E® 


Vector  Resolution  to  Determine  Direction 

1.  Use  KVA  Vector  Addition  Program  CTt-58/s9^M|clca  leu U tors 
OR 

2.  Solve  graphically  by  placing  4  Individual  vector 
segments  sequentially  head  to  tail.  (See  manual 
for  detailed  instructions). 

Velocity  Determination 

Refer  to  your  calibration  curve  of  readout  versus 
preferred  units  of  flow  (e.g.  feet  per  day). 


Direction;  ^ 


Velocity: 


Form  104  available  from  your  local  K-V  Associates,  Inc.  dealer. 
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GROUNDWATER  FLOW  WORKSHEET 

For  use  with  K-V  Associates,  Inc.  Groundwater  Flowmeters,  4  Channel  probe 


Table  of  LCD  Readout  ~ 

Operator _  Date:  8  ~ 30  ~  73 

1-*N  ABC 

^  /  /  /  Station:  ^ ^  ~ 3 _  Time:. _ 

Probe  /  ♦  /  b  /  r  / 

patr  /  4 /  -  O  /  W  ^  ^ 


Operator y  _  Date:  ^ 

Station:  ^ ^  ~3 _  Time: _ 

Location:  /'4‘C^-^  ' 

Soil  Conditions: 


Probe  / 

pair  / 

v^/b/ 

vV  ay  <0 

+  1/-6 

33 

57  iy 

*2J-7 

>/ 

-Lii 

*3/-8 

'it. 

iZ.Z  TO 

*4/-9 

Vi  '*f2- 

30-73 


la  4>g  ^ 


Depth  to  Measurement:  Srbc.  \  /&  ^ 


lOTATE  PROBE  180  AT  SAME  DEPTH 
.l—^C  DESF  G 

I  •  W  J  /  /  /  .  • 


Pro  be 

/ 

b  / 

pair 

y 

/• 

/' 

+1  /-6 

■ay 

r 

\*2/-7 

3a 

ro9 

7/ 

38 

tiz. 

Si 

♦4/-9 

-r 

ic 

2/ 

-/r 

■>r 

V 

to 

<2 

280 

®W 

260 


80 

E@ 

100 


Use  of  Table  200  ^p — ■^-7, —  '  leo 

ifln 

I  COLUMN  G  •  Divide  each  reading  In  g 

polufim  F  by  (.he  largest  absolute  value. 
brav  these  4  vectors  on  the  circle 

chert  according  to  the  scale  provided  Vector  Resolution  to  Determine  Direction 


|(l.e.  strongest  vector  ■■  1.00). 

Cosine  Test  Shows  Uniform  Flow 


I  Vector  end  . 

olnts  vl  1 1  closely  /' 
fit  a  circle  in-  f 

Bcrlbed  about  the  i 

longest  vector.  \ 

*ralues  in  column  G 
•  ill  approximate  vector 
lengths  shown  at  right. 


1.00 


1.  Use  KVA  Vector  Addition  Program (Ti-58/S9-«P4ic!ca Icula tors 
OR 

2.  Solve, graphically  by  placing  4  Individual  vector 
segments  sequentially  head  to  tall.  (See  manual 
for  detailed  Instructions). 

Velocity  Determination 

Refer  to  your  calibration  curve  of  readout  versus 
preferred  units  of  flow  (e.g.  feet  per  day). 


Direction:  / 7/ 


Velocity: 


I  Form  104  available  from  your  local  K-V  Associates,  Inc.  dealer. 

Copyright  1981  K—V  ASSOCIATES.  INC.,  Falmouth,  MA  02540 
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GROUNDWATER  FLOW  WORKSHEET 

For  use  with  K-V  Associates,  Inc.  Groundwater  Flowmeters,  4  Chsnn©!  prob6 


Table  of  LCD  Readout 


1— N 


/o^J  ~oo4 


>1/-6 

o 

e/ 

ii 

*21-1 

/'/? 

*'37 

*3/-8 

!  S' 

/Of 

’ixi 

-4/-9 

/r 

V/ 

Sfr 

Ooerator; 

Date:  S  '30  -Jj 

Station:  ^ ^  ~  ^ 

_  Time: 

Location:  'S 4 

Soil  Conditions: 

Depth  to  Measurement: 

a - 

^TOC.  '  0^3 

© 


N 


ROTATE  PROBE  180  AT  SAME  DEPTH 
D  E  S  F  G 


♦1  /-6 

4> 

*2/-7 

"3" 

/*«( 

♦3/- 8 

-// 

♦4/-9 

5 

73 

•r 

*8 

'•/ 

V 

•Jr 

? 

Use  of  Table 

COLUMN  G  -  Divide  each  reading  In 
column  F  by  the  largest  absolute  value. 
Draw  these  4  vectors  on  the  circle 
chart  according  to  the  scale  provided 
(l.e.  strongest  vector  ■  1.00). 

Cosine  Test  Shows  Uniform  Flow 

Vector  end 
points  will  closely 
fit  a  circle  in> 
scribed  about  the 
longest  vector. 

Values  in  column  G 
vi  1 1  approximate  vector 
lengths  shown  at  right. 


160 


180 

@ 

Vector  Resolution  to  Determine  Direction 


OR 


1.  Use  KVA  Vector  Addition  Program  m-58/S9^PMc!c8  leu  la  tors 

2,  Solve  graphically  by  placing  4  individual  vector 
segmen'ts  sequentially  head  to  tall.  (See  manual 
for  detailed  instructions) . 


Velocity  Determination 

Refer  to  your  calibration  curve  of  readout  versus 
preferred  units  of  flow  (e.g.  feet  per  day). 


Direction; 


Velocity; 


Z  .  o 


Form  104  available  from  your  local  K-V  Associates,  Inc.  dealer. 
CopyrighI  1981  K“V  ASSOCIATES.  INC..  Falmouth,  MA  02540 
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GROUNDWATER  FLOW  WORKSHEET 

For  use  with  K-V  Associates.  Inc.  Groundwater  Flowmeters,  4  Channel  probe 


~  004- 

Table  of  LCD  Readout  [~  ~  - — ^ — 

A  o  r  Operator:  if  Date-.  ^ 

1— N  ABC 

prob.  //A  A/  station.  -  Time:, - 

^  /  A  A  A  Location:  ^  ^  ~  ^ _ 

^  Soil  Conditions:  u/*M 

*2h7  jr  4o  cr 

I  I  ..  Depth  to  Measurement:  SZ~oc,J  Js 


Probe  / 

pair  / 

/  \ 

•►1/-6  3 

)  S" 

♦2/-7  ./r 

4o 

Ir 

■►3/-8  26 

*2  7 

4? 

♦  4/-9  '7 

/r 

3»- 

Date:  ^ 

Time: _ 


tOTATE  PROBE  180  AT  SAME  DEPTH 
1— ►S  D  E  S  F  G  ^ 

Probe  ^  w.q  /</^ 


pair 

A 

VVl 

f1/-6 

8 

2  s'" 

i.  7 

*2/-7 

/r 

“s" 

i.0 

+3/- 8 

3 

*30 

~33 

*4/-9 

3 

46 

■/ 

Vj 

'7 

/J 

•r~ 

280 
®  W 
260 


^se  of  Table 

■  COLUHH  G  -  Divide  each  reading  In 
■column  F  by  the  largest  absolute  value. 
Draw  these  4  vectors  on  the  circle 
chart  according  to  the  scale  provided 
1(1. e.  strongest  vector  1.00). 

Cosine  Test  Shows  Uniform  Flow 

t  Vector  end 

olnts  will  closely  A 

fit  a  circle  In-  / 

Rcrlbed  about  the  I  I 

ongest  vector.  V  / 

'a  lues  in  column  G 
./ill  approximate  vector 
||||engths  shown  at  right. 


80 

E@ 


Vector  Resolution  to  Determine  Direction 

1.  Use  KVA  Vector  Addition  Program  m-S8/59-HP4ic!ca  leu  la  tors 
OR 

2.  Solve  graphically  by  placing  4  individual  vector 
segments  sequentially  head  to  tail.  (See  manual 
for  detailed  instructions). 

Velocity  Determination 

Refer  to  your  calibration  curve  of  readout  versus 
preferred  units  of  flow  (e.g.  feet  per  day). 


Direction: 


J9<> 


Velocity:  ^  • 


Form  104  available  from  your  local  K-V  Associates.  Inc.  dealer. 
Copyright  1981  K-V  ASSOCIATES.  INC.,  Falmouth.  MA  02540 
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GROUNDWATER  FLOW  WORKSHEET 

For  use  with  K-V  Associates.  Inc.  Groundwater  Flowmeters,  4  Channel  probe 


Table  of  LCD  Readout 


I^N  A  ® 


Prob« 

pair 


'  ♦  /  b  A 

^  /  C*  /  ^ 

•»  /  ^  /  ^ 


*1/-6 

SB 

*2/-7 

'S'/ 

♦3/-8 

p 

‘Vf 

lL 

yj 

i/ 

JO  -ao^ 


Operator:  j £. _  Date:  ^  ^ ^ 

Station:  ^ ~  ^ _  Time: _ 

Location:  ~~ 

Soil  Conditions;  t^‘AC  — 


Depth  to  Moasiiriampnt:  v5d  -(STOC  ^  Z1  AL5 


ROTATE  PROBE  180  AT  SAME  DEPTH 


1-^S  °  A  . 


Probe 

pair 


m 


m 

¥o 

*2/-7 

O 

'78 

78 

♦3/-8 

'/3 

“7/ 

73 

♦4/-9 

O 

'7<f- 

>y 

37  -W 


Use  of  Table 

COLUMN  G  -  Divide  each  reading  in 
column  F  by  Che  largest  absolute  value. 
Draw  these  a  vectors  on  the  circle 
chart  according  to  the  scale  provided 
(l.e.  strongest  vector  ■  1.00). 

Cosine  Test  Shows  Uniform  Flow 

Vector  end  on 

points  will  closely  ^  A  XV 
fit  a  circle  In-  t  \1A-^ 
scribed  about  the  1  I 

longest  vector.  V  / 

Values  In  column  G  n^FUOV^/ 

>111  approximate  vector 
lengths  shown  at  right. 


Vector  Resolution  to  Determine  Direction 

1.  Use  KVA  Vector  Addition  Program  m-sars’-MMiC'ca  leu  la  tors 
OR 

2.  Solve  graphically  by  placing  a  Individual  vector 
segments  sequentially  head  to  tail.  (See  manual 
for  detailed  instructions). 

Velocity  Determination 

Refer  to  your  calibration  curve  of  readout  versus 
preferred  units  of  flow  (e.g.  feet  per  day). 


Direction:  . 


Velocity:  S- 


Form  104  available  from  your  local  K-V  Associates.  Inc,  dealer. 
Copyright  1981  K”V  ASSOCIATES,  INC.,  Falmouth,  MA  02540 
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GROUNDWATER  FLOW  WORKSHEET 

For  use  with  K-V  Associates.  Inc.  Groundwater  Flowmeters,  4  Channel  probe 


/o  9J 

Table  of  LCD  Readout  - - 

.  „  ^  Operator:  Date:  ^  -fj 

1— ►N  ABC 

/  ^/  /  /  Station:  4/ “  _  Time: 

Av<?A/  - 

p..r  /yyy  Location.  _ 

*21-1  /7  ho  >^i  ^  ^ 

-  .  -  Depth  to  Measurement :  .  c5<? 


Probe  / 

pair  / 

f  <.  /  / 

b  / 

V  V 

•►1/-6 

/r 

*2/-7 

n 

ho 

'3  7 

*2/Q 

tZ 

//y 

'3/ 

♦4/-9 

^3 

77 

7i 

Date:  y  -^o  -yj 
Time: _ 


)TATE  PROBE  180  AT  SAME  DEPTH 
— D  E  S  F  G 


Probe 

ipeir 


r _ /  *  /  /  . 

+1  /-6 

<3 

rc 

♦2/-7 

go 

-►3/- 8 

''•e 

h' 

V 

*4/-9 

/z 

B7 

VT 

tf 

~72. 

e? 

-1 

h 

■  SJ 

V 

./y 

280 
0  W 
260 


80 

E® 


^se  of  Table  200  -~- — ' — ^  i60 

H  COLUMN  G  -  Divide  each  reading  In 
Holumn  F  by  the  largest  absolute  value. 
uraw  these  4  vectors  on  the  circle 

chart  according  to  the  scale  provided  Vector  Resolution  to  Determine  Direction 


jjjl.e.  strongest  vector  «  1.00). 

Cosine  Test  Shows  Uniform  Flow 


I  vector  end 

.71 

Hrlnts  will  closely  / 

fit  a  circle  in-  /  ^1/ 

bribed  about  the  ( 

ftngest  vector.  \ 

^lues  in  column  G  \^FLOW 
•  ill  approximate  vector 
lengths  shown  at  right. 


1.  Use  KVA  Vector  Addition  Program  m-s»/s9*HP4ic!ca  leu  la  tors 
OR 

2.  Solve  graphically  by  placing  4  individual  vector 
segments  sequentially  head  to  tail.  (See  manual 
for  detailed  instructions). 

Velocity  Determination 

Refer  to  your  calibration  curve  of  readout  versus 
preferred  units  of  flow  (e.g.  feet  per  day). 


Direction:  Z.I C  * 


Velocity: 


Form  104  available  from  your  local  K-V  Associates,  Inc.  dealer. 
Copyright  1981  K-V  ASSOCIATES,  INC.,  Falmouth.  MA  02540 
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GROUNDWATER  FLOW  WORKSHEET 

For  use  with  K-V  Associates.  Inc.  Groundwater  Flowmeters.  4  Channel  probe 


/  o  yj  -oo^ _ 

Table  of  LCD  Readout 

Ooeratnr:  //ous£^  Datp  ;  ^  ^  ~?-3 

1-^N  ABC 

/  /  Station:  _  Time:  _ 


Probe 

pair 

/ 

9 

41/-6 

O 

L. 

*2/-7 

7-fx.  /4  a 

*3/a 

/i 

uc 

*4/-9 

~io 

lot. 

Date:  6  ^ 

Time: _ 


Location:  ~ 

Soil  Conditions:  v^»/c/ 

Depth  to  Measurement:  <57‘oc. ^  SY 


3TATE  PROBE  180  AT  SAME  DEPTH 
1_^Q  0  E  S  F  G 


Probe 

pair 


-•■1  /-6 

o 

38 

38 

*21-7 

8 

//? 

U5 

*3/-B 

o 

/AA 

Tze 

*A/-9 

S' 

87 

.b 

i*. 

-i 

2.0 

*5 

•13 

280 

(D  W 

260 


1 


80 

E@ 

100 


)se  of  Table 

COLUMN  G  -  Divide  each  reading  In 
olumn  F  by  the  largest  absolute  value, 
iraw  these  4  vectors  on  the-  circle 
hart  according  to  the  scale  provided 
l.e.  strongest  vector  ■  1.00). 

■osine  Test  Shows  Uniform  Flow 

.71 

Vector  end 

olnts  will  closely  y'  ^  / 

It  a  circle  In-  f 

crlbed  about  the  I  I 

ongest  vector.  V  / 

a  lues  in  column  G  N^VtOvr/ 
ill  approximate  vector 
engths  shown  at  right. 


Vector  Resolution  to  Determine  Direction 

1.  Use  KVA  Vector  Addition  Program  (Ti-5«/59.HPMC.'ca  leu  la  tors 
OR 

2.  Solve  graphically  by  placing  4  individual  vector 
segments  sequentially  head  to  tail.  (See  manual 
for  detailed  instructions). 

Velocity  Determination 

Refer  to  your  calibration  curve  of  readout  versus 
preferred  units  of  flow  (e.g.  feet  per  day). 


Direction: 


Velocity: 


Form  104  available  from  your  local  K-V  Associates.  Inc.  dealer. 
Copyright  1981  K~V  ASSOCIATES.  INC.,  Falmouth.  MA  02S40 
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GROUNDWATER  FLOW  WORKSHEET 

For  use  with  K-V  Associates.  Inc.  Groundwater  Flowmeters,  4  Channel  probe 


Table  of  LCD  Readout 
1-^N  A  B  C 


Prob* 

pair 


*>  /  C  /  <*)  / 


■►1/-6 

O 

V8 

1 

00 

^2/-7 

/f 

*3/8 

333 

331 

*4/-9! 

7 

hs" 

/"vy 

/67:t  -Otf  ^ _ 

Operator;  Date; 

Station; _  Time; _ 

Location:  _ 

Soil  Conditions:/^^«^<^«“^  ziJr// 

Depth  to  Measurement:  3*?  Jc>  >3^3 


FATE  PROBE  180**  AT  SAME  DEPTH 
-*-Q  0  E  S  F  G 


/  •  /  <«/ 


1  /-6 

a 

/? 

n 

2/-7 

O 

/>f 

'f? 

3/- 8 

-7 

20C 

hj 

4/-9 

3 

IZ5 

34- 

/ 

:yy 

78 

'j 

'if 

“0 

•  f 

280 
®  W 
260 


>e  of  Table 

I  COLUMN  G  -  Divide  each  readl^ng  In 
jlumn  F  by  the  largest  absolute  value, 
aw  these  4  vectors  on  the  circle 
art  according  to  the  scale  provided 
Le.  strongest  vector  ■  1.00). 

>slne  Test  Shows  Uniform  Flow 

(Vector  end 
nts  will  closely  ^ 

t  a  circle  In-  /  U/^\ 71 

tibed  about  the  (  ) 

ngest  vector, 
lues  in  coluna 


80 

E@ 


lues  in  column  G  v^Flow 
11  approximate  vector^ 
agths  shown  at  right. 


Vector  Resolution  to  Determine  Direction 

Use  KVA  Vector  Addition  Program  m-5s/s9-HP4ic!ca  leu  la  tors 
OR 

2.  Solve  graphically  by  placing  4  individual  vector 
segments  sequentially  head  to  tail.  (See  manual 
for  detailed  instructions). 

Velocity  Determination 

Refer  to  your  calibration  curve  of  readout  versus 
preferred  units  of  flow  (e.g.  feet  pet  day). 


Direction:  '=^’3 S' 


Velocity:  .  u  / 


I  Pofm  104  available  from  your  local  K-V  Associates.  Inc.  dealer. 

Copyright  1981  K“V  ASSOCIATES,  INC.,  Falmouth.  MA  02540 
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GROUNDWATER  FLOW  WORKSHEET 

For  use  with  K-V  Associates.  Inc.  Groundwater  Flowmeters.  4  Channel  probe 


Table  of  LCD  Readout 


■►1/-6  13  J8 


■/07 


*3/-e  6 


♦4/-9 


/a  5 

Operator  • 


Date: 

Time: 


-9  3 


Station:  _  Time:  _ _ 

Location:  ~  _ _ 

Soil 

Depth  to  Measurement:*^^ 


3TATE  PROBE  180  AT  SAME  DEPTH 


-<5  0 

•J  ft 


Pro  be 
pair 


-2/'7 


-8 


//  /  0  / 

//V 


3r 

rr 

m 

<0 

■<37 

1 

"2.3 

-? 

77 

'6  8 

Jse  of  Table 

COLUMN  G  -  Divide  each  reading  in 
:oluiim  F  by  the  largest  absolute  value. 
)raw  these  *  vectors  on  the  circle 
hart  according  to  the  scale  provided 
i.e.  strongest  vector  *  1.00). 

"osine  Test  Shows  Uniform  Flow 

.  T1 

Vector  end 

olnts  will  closely  ^ 

It  a  circle  in-  / 

crlbed  about  the  I  1 

ongest  vector.  \  ^  J 

a  lues  in  column  G  N^Vuow^/ 
ill  approximate  vector 
engths  shown  at  right. 


Vector  Resolution  to  Determine  Direction 

1.  Use  KVA  Vector  Addition  Program  m-5S/S94iP4ic!ca  leu  la  tors 
OR 

2.  Solve  graphically  by  placing  4  Individual  vector 
segments  sequentially  head  to  tall.  (See  manual 
for  detailed  instructions) . 

Velocity  Determination 

Refer  to  your  calibration  curve  of  readout  versus 
preferred  units  of  flow  (e.g.  feet  per  day). 


Direction:  _££d. _ 


Velocity: 


Form  104  available  from  your  local  K-V  Associates.  Inc.  dealer. 
Cooyright  1901  K“V  ASSOCIATES.  INC.,  Falmouth,  MA  02540 
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_  GROUNDWATER  FLOW  WORKSHEET 

■  For  use  with  K-V  Associates,  Inc.  Groundwater  Flowmeters,  4  Channel  probe 


Table  of  LCD  Readout 


A 

B 

Probe 

pair 

/ 

-1/-6 

d 

*21-7 

6 

~fz. 

*3/-8 

/<? 

~/z. 

za- 

*4/-9 

1  ^ 

8 

Vo 

-COS _ 

Operator:  _  Date;  ^  f'  ^ 

Station:  ~  _  Time:, _ 

Location:  ~  ^ ^ _ 

Soil  Conditions ✓^"<6 5^^ 

Depth  to  Measurement:  t  SC3 


TATE  PROBE  180  AT  SAME  DEPTH 


+1/-6  7<t  g  ^2 


*2/-7 


♦3/-8  <7 


>4/-9  “7 


-3 

•  *7 

•/; 

■/ 

use  of  Table 

■  COLUMN  G  -  Divide  each  reading  In 
lolumn  F  by  the  largest  absolute  value, 
"raw  these  4  vectors  on  the  circle 
chart  according  to  the  scale  provided 
|l.e.  strongest  vector  *•  1.00). 

Cosine  Test  Shows  Uniform  Flow 

IV<‘ctor  end  ^ i  nn 

lots  will  closely  ^  /V 

fit  a  circle  in-  f 

I  bribed  about  the  I  I 

bngest  vector.  V  / 

a  lues  in  colutrm  G  y' 

.'ll!  approximate  vector 
lengths  shown  at  right. 


Vector  Resolution  to  Determine  Direction 

1.  Use  KVA  Vector  Addition  Program  {Ti-5i/59-HP4ic)ca  leu  la  tors 
OR 

2.  Solve  graphically  by  placing  4  individual  vector 
segments  sequentially  head  to  tail.  (See  manual 
for  det.-iiled  instructions). 

Velocity  Determination 

Refer  to  your  calibration  curve  of  readout  versus 
preferred  units  of  flow  (e.g.  feet  per  day). 


Direction: 


Velocity: 


Form  104  available  from  your  local  K-V  Associates,  Inc.  dealer. 
Copyright  1981  K-V  ASSOCIATES.  INC.,  Falmouth.  MA  02540 
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GROUNDWATER  FLOW  WORKSHEET 

For  use  with  K-V  Associates.  Inc.  Groundwater  Flowmeters.  4  Channel  probe 


Table  of  LCD  Readout 


o 

wm 

^2/-7 

3 

Vj 

><? 

-3/-8 

H 

6 

Sffi 

>3 

oi 

_ 1 

/c  A 

Operator:^ _  Date:^  *<?/-  9_3 

Station:  ~  VA _  _  Time:  _ 

Location:  y4-e.£.A  — -  C  _ _ 

Soil  CQnditions;-''^^^/*--^^ 


Depth  to  Measurement:-!^ 


ROTATE  PROBE  180  AT  SAME  DEPTH 


'6  o 


■^2/-7  O  74  ‘7C 


+3/-8  /r  y  '// 


♦4/- 9  c>  lyolvo 


1  \-47 


Use  of  Table 

COLUMN  G  -  Divide  each  reading  in 
column  F  by  the  largest  absolute  value. 
Drav  these  4  vectors  on  the  circle 
chart  according  to  the  scale  provided 
(l.e.  strongest  vector  *  1.00). 

Cosine  Test  Shows  Uniform  Flow 

Vector  end  an 

points  vl  1 1  closely  ^  aV 

fit  a  circle  in^  / 

scribed  about  the  !  I 

longest  vector.  \  jp  / 

Values  in  column  G  \^FLOW>' 

-ill  approximate  vector 
lengths  shown  at  right. 


Vector  Resolution  to  Determine  Direction 

1,  Use  KVA  Vector  Addition  Program  fri-5S/S9-Mf4|c!ca  Icula tors 
OR 

2.  Solve  graphically  by  placing  a  individual  vector 
segments  sequentially  head  to  tail.  (See  manual 
for  detailed  instructions). 

Velocity  Determination 

Refer  to  your  calibration  curve  of  readout  versus 
preferred  units  of  flow  (e.g,  feet  per  day). 


Direction: 


/8/ 


Velocity: 


2.0 


Form  104  available  from  your  local  K-V  Associates,  Inc.  dealer. 
Copyright  1901  K“V  ASSOCIATES,  INC.,  Falmouth.  MA  02S40 
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GROUNDWATER  FLOW  WORKSHEET 

I  For  use  with  K-V  Associates.  Inc.  Groundwater  Flowmeters,  4  Channel  probe 


Table  of  LCD  Readout 


•^1/-6  O  'yzg  7^8 


+  2/- 7  /y  "{pt.  5-7 


♦3/-8  ^3 


^5  zs 


Operator:  _  Date  :  ^ 

Station:  ~  _ _  Time: _ _ 

Location:  _ 

Soil  Condi t ions <///<  (^Au/t 
Depth  to  Measurement:  5^?  'SToc,'  S' Y  ^6. 


TATE  PROBE  180  AT  SAME  DEPTH 


PC  71  '0 ? 


■  8  /  J  I  lij  hi 


♦4/-9 


gse  of  Table 

p  COLUMN  G  -  Divide  each  reading  In 
Llumn  F  by  the  largest  absolute  value. 
Prav  these  4  vectors  on  the  circle 
chart  according  to  the  scale  provided 
^L.e.  strongest  vector  *  1.00). 

..osine  Test  Shows  Uniform  Flow 

I  Vector  end 

Ints  will  closely  z'  ^ 

'It  a  circle  in-  f 

lerlbed  about  the  I  ’•6^./  I 

ftngest  vector.  V  / 

^lues  in  column  G 
.ill  approximate  vector 
Kngths  shown  at  right. 


Vector  Resolution  to  Determine  Direction 

,  1.  Use  KVA  Vector  Addition  Program  (Ti-5i/S9.HP4ic!ca  leu  la  tors 

OR 

2.  Solve  graphically  by  placing  4  Individual  vector 
segments  sequentially  head  to  tail.  (See  manual 
for  detailed  instructions). 

Velocity  Determination 

Refer  to  your  calibration  curve  of  readout  versus 
preferred  units  of  flow  (e.g.  feet  per  day). 


Direction: 


Z/  ? 


Velocity: 


Form  104  available  from  your  local  K-V  Associates,  Inc.  dealer. 


Copyright  1981  K~V  ASSOCIATES,  INC.,  Falmouth,  MA  02540 
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GROUNDWATER  FLOW  WORKSHEET 

For  use  with  K-V  Associates.  Inc.  Groundwater  Flowmeters,  4  Channel  probe 


Table  of  LCD  Readout 


♦1/-6 


-2/  7  75-^ 


-3/-8  ?Z. 


‘oa  y 

Operator;  Date;  ^  ^ ^ 

Station;  ^ _  Time; _ 

Location:  ^ ~  ^ ^ _ 

Soil  CQnditionR:>’^'^^^/^‘^ 

Depth  to  Measurement;  5^  SToc.  \  ^C^L5 


'3  '^1 


ROTATE  PROBE  180  AT  SAME  DEPTH 


1-^S  ° 

Probe  / <  / 
pair  /  ^  /  i 


♦1/*6  0(1 


*2h7  O  irj  ?J 


♦3/- 8  ^  37  37 


•►4/-9 


^0  her 


“9  -rj 


Use  of  Table 

COLUMN  G  •  Divide  each  reading  In 
column  F  by  the  largest  absolute  value. 
Orav  these  4  vectors  on  the  circle 
chart  according  to  the  scale  provided 
(l.e.  strongest  vector  ■  1.00). 

Cosine  Test  Shows  Uniform  Flow 

vector  end  nn 

points  vl  1 1  closely  A 

fit  a  circle  In-  /  \L^>7V^' 

scribed  about  the  1  j 

longest  vector.  \  jp  J 

/a  lues  in  column  G  n^FLOW^/ 

•  ill  approximate  vector 
lengths  shown  at  right. 


Vector  Resolution  to  Determine  Direction 

1.  Use  KVA  Vector  Addition  Program  m-S§/S9.«P4ic!ca  leu  la  tors 
OR 

2.  Solve  graphically  by  placing  4  individual  vector 
segments  sequentially  head  to  tail.  (See  manual 
for  detailed  instructions). 

Velocity  Determination 

Refer  to  your  calibration  curve  of  readout  versus 
preferred  units  of  flow  (e.g.  feet  per  day). 


Direction:  ^ 


Velocity: 


Form  104  available  from  your  local  K-V  Associates,  Inc.  dealer. 


Cooyrighl  1981  K"''  ASSOCIATES,  INC.,  Falmouth.  MA  07540 
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GROUNDWATER  FLOW  WORKSHEET 

For  use  with  K-V  Associates.  Inc.  Groundwater  Flowmeters,  4  Channel  probe 


d.  ‘COM 

Table  of  LCD  Readout  I 

Operator:  _  Date:  *6 J^f/ 

Station:  _  Time; _ _ 

Location: _ _ 

Soil  Conditions:  uyj 

Depth  to  Measurement:  SToC,  \  S8  >5^5 


*1/-6 

m 

EB^SS 

■►3/-8 

// 

/3z\ 

m 

TATE  PROBE  180  AT  SAME  DEPTH 


Probe 


*6  O 


*2/-7 


-8 


*8  1% 


♦4/-9  ^5^7^ 


Pse  of  Table 

■  COLUMN  G  >  Divide  each  reading  in 
Blurim  F  by  the  largest  absolute  value, 
^aw  these  4  vectors  on  the  circle 
chart  according  to  the  scale  provided 
||||..e.  strongest  vector  *  1.00). 

3osine  Test  Shows  Uniform  Flow 

1-71 

''ector  end  ^ nn 

lots  vi  1 1  closely  z' 
fit  a  circle  in-  / 

Bribed  about  the  I  I 

Hngest  vector.  \  JP  J 

*lues  in  column  G  x^FUOW^/ 

■  ill  approximate  vector 
|ngths  shown  at  right. 


Vector  Resolution  to  Determine  Direction 

Use  KVA  Vector  Addition  Program  m-5«/S9-«p«ic!ca  leu  la  tors 

2.  Solve  graphically  by  placing  4  individual  vector 
segments  sequentially  head  to  tail.  (See  manual 
for  detailed  instructions). 

Velocity  Determination 

Refer  to  your  calibration  curve  of  readout  versus 
preferred  units  of  flow  (e.g.  feet  per  day). 


Direction: 


Velocity: 


Form  104  available  from  your  local  K-V  Associates,  Inc.  dealer. 
Copyright  1901  K“V  ASSOCIATES,  INC..  Falmouth.  MA  02540 


GROUNDWATER  FLOW  WORKSHEET 

For  use  with  K-V  Associates.  Inc.  Groundwater  Flowmeters,  4  Chsnn©!  prob© 


Table  of  LCD  Readout 


1— N 

Prob« 

pair 


A  8 


*f  /  S  /  ^ 


-1/-6 

0 

V/ 

*21-1 

a 

82- 

*3ta 

/t 

V© 

*4/-9 

\ih- 

/ 

/o9:i  -oc»«/ _ 

Operator:  J C  Date; 

Station:  /(l/-C,A  _  Time:. _ 

Location:  A  ^£~a/'A _ 

Soil  Conditionsi^^l^.^^t^^*^  U/'M 

C5 

Depth  to  Mnasurpment  :  \  (a3 


ROTATE  PROBE  180°  AT  SAME  DEPTH 
1— 0  E  S  F  G 

I  A  M  M  i  * 


Pro  be 
pair 


VA' 


♦1/-6 

O 

♦2/-7 

/C 

SC 

"72- 

>3/' 8 

// 

rr 

44/-9 

/c? 

"S" 

.Vt 

V 

.vy 

4, 

C7 

280 

(D  w 
260 


Use  of  Table 

COLUMN  G  -  Divide  each  reading  in 
column  F  by  the  largest  absolute  value. 
Draw  these  4  vectors  on  the  circle 
chart  according  to  the  scale  provided 
(i.e.  strongest  vector  "  1.00). 

Cosine  Test  Shows  Uniform  Flow 

vector  end  '^s^.i.oo 

points  will  closely  z'  A 
fit  a  circle  In-  / 

scribed  about  the  I  I 

longest  vector.  V  >5*  / 

'slues  in  column  G  N^flow 
zi 1 1  approximate  vector 
lengths  shown  at  right. 


80 

E@ 


Vector  Resolution  to  Determine  Direction 

1.  Use  KVA  Vector  Addition  Program  m-S8/S9-MP4ic!ca  leu  la  tors 
OR 

2.  Solve  graphically  by  placing  4  individual  vector 
segments  sequentially  head  to  tall.  (See  manual 
for  detailed  instructions). 

Velocity  Determination 

Refer  to  your  calibration  curve  of  readout  versus 
preferred  units  of  flow  (e.g.  feet  per  day). 


Direction:  _  Velocity: 

Form  104  available  from  your  local  K-V  Associates.  Inc.  dealer. 


C 


foht  1981  K-V  ASSOCIATES.  INC..  Fatmotjfh.  MA  0??S40 


n  /  Q  o 


GROUNDWATER  FLOW  WORKSHEET 

■  For  use  with  K-V  Associates.  Inc.  Groundwater  Flowmeters.  4  Chann6i  prob6 


Table  of  LCD  Readout 


♦1/-6  0 


^21-7  /6  fJj  h? 


M/-9 


Operator:  Date:  ’R  _ 

Station:  _  Time:  _ 

I  ncationJ^^  ~ 

Soil  Conditinns:^^*^*^^ 

Depth  to  Meagurement:  j 


TATE  PROBE  180  AT  SAME  DEPTH 


O 

fo3 

^  1 

^2/-7 

Jti^j 

97 

tEBS 

/z 

m 

,i/ 

U4/-9 

yoj 

//C 

gse  of  Table 

H  COLUMN  G  -  Divide  each  reading  in 
ftlumn  F  by  the  largest  absolute  value, 
^aw  these  4  vectors  on  the  circle 
chart  according  to  the  scale  provided 
^.e.  strongest  vector  ■  1.00). 

Cosine  Test  Shows  Uniform  Flow 

I  Vector  end  i  no 

^ints  will  closely 
fit  a  circle  in-  / 

Bribed  about  the  I  I 

Hngest  vector.  \  y?3  / 

^lues  in  column  G  N^FLOW  ^ 
vi 1 1  approximate  vector 
lengths  shown  at  right. 


Vector  Resolution  to  Determine  Direction 

1.  Use  KVA  Vector  Addition  Program  m-58/59-Hf4ic!ca  leu  la  tors 
OR 

2,  Solve  graphically  by  placing  4  individual  vector 
segments  sequentially  head  to  tail.  (See  manual 
for  detailed  instructions). 

Velocity  Determination 

Refer  to  your  calibration  curve  of  readout  versus 
preferred  units  of  flow  (e.g.  feet  per  day). 


Direction: 


Velocity:  _ ''0  ■ 


Form  104  available  from  your  local  K-V  Associates,  Inc.  dealer. 
Cooyright  1901  K“V  ASSOCIATES,  INC..  Falmouth.  MA  02540 


GROUNDWATER  FLOW  WORKSHEET 

For  use  with  K-V  Associates.  Inc.  Groundwater  Flowmeters.  4  Channel  probe 


Table  of  LCD  Readout 

ABC 


— N 

A 

B 

Probe 

pair 

/ 

/  w  . 
^  / 

*»  /  \ 

*1/-6 

0 

i*5 

^'<ul 

*2/-7 

n 

jSi. 

347 

*3/-B 

30J 

*4/-9 

'//  % 

1  , 

\h/ 1 

Date: 

Time:  _ _ 


/Z>9J  ~oc>4- _ _ 

Operator:  _  Date:  T '  ZV  -  ^3 

Station:  K I/"  A _  _  Time: _ 

Location:  "^oC.  _ 

Soil  Conditions: 

Depth  to  Measurement:  ATCC  ^  <^7  rZc 5 


ROTATE  PROBE  180  AT  SAME  DEPTH 
1-*-C  D  E  S  F  G 

;:!r  ///^/s/  M 


♦1  /-6 

£. _ 

c 

4 _ 

/o 

z — 

♦2/-7 

n 

Jd5 

•*•3/- 8 

ZS) 

«y 

^5 

sr 

o 

O 

-'i 

'Vd 

'1 

Tr7 

280 

(D 

260 


Use  of  Table 

COLUMN  G  -  Divide  e»ch  reeding  in 
column  F  by  the  largest  absolute  value. 
Drav  these  4  vectors  on  the  circle 
chart  according  to  the  scale  provided 
(l.e.  strongest  vector  ■  1.00). 

Cosine  Test  Shows  Uniform  Flow 

Vector  end  ^ — ^^^v,j.00 

points  will  closely  z'  A 
fit  a  circle  In-  / 

scribed  about  the  I  J 

longest  vector.  \  ^  / 

Values  in  column  G 
zill  approximate  vector 
lengths  shown  at  right. 


80 

E@ 


Vector  Resolution  to  Determine  Direction 

1.  Use  KVA  Vector  Addition  Program  (Ti-58/594<MK!ca  leu  la  tors 
OR 

2,  Solve  graphically  by  placing  4  Individual  vector 
segments  sequentially  head  to  tail.  (See  manual 
for  detailed  instructions). 

Velocity  Determination 

Refer  to  your  calibration  curve  of  readout  versus 
preferred  units  of  flow  (e.g.  feet  per  day). 


Direction: 


Velocity: 


Form  104  available  from  your  local  K-V  Associates.  Inc.  dealer. 
Copvnqhf  1981  K”V  ASSOCIATES.  INC..  Falmouth.  MA  02540 


«*M I  c.n  rL-wvv  vvUHrwbHbhl 

For  use  with  K-V  Associates,  Inc.  Groundwater  Flowmeters,  4  Channsi  probG 


/09Z.  y 

Table  of  LCD  Readout  f”  ^ - y - 

Operator:  /'/W///o</5<r  Date:  ^ 3 

Station:  ~  -~3 _  Time:  *> 


Location: 


1-^N  A 


Probe 

pair 


Date:  ^  ~  ^ 3 

Time: 


/2 


+1/-6  -T 


♦2/-7 


60  ~£y 


S6  io 


Soil  Conditions:  fy.o-'c/ 


*3/-8  5  U7 


Depth  to  Measurement:  ^/VTOC  \ 


+  4/-9  "6 


*>56  5 


OTATE  PROBE  180  AT  SAME  DEPTH 


-6  r  h? 


♦2/-7|  ^  1/  3 


♦3/-8  ^  « 


♦4/-9  7  ;?7 


Z.4 

•7/ 

yse  of  Table 

COLUMN  G  -  Divide  each  reading  in 

(olumn  F  by  the  largest  absolute  value, 
raw  these  4  vectors  on  the  circle 
hart  according  to  the  scale  provided 
(i.e.  strongest  vector  *  1.00). 

|osine  Test  Shows  Uniform  Flow 

„  j  T1 

Vector  end 
fcints  will  closely 
Ip  t  a  circle  in-  / 
scribed  about  the  I  I 

^ngest  vector.  \  jp  J 

ft  lues  in  column  G  N^FtOVT^/ 
ft  11  approximate  vector 
lengths  shown  at  right. 


Vector  Resolution  to  Determine  Direction 

^^1.  Use  KVA  Vector  Addition  Program fTi-S8/59*HfMC)calcula tors 

2.  Solve  graphically  by  placing  4  individual  vector 
segments  sequentially  head  to  tail.  (See  manual 
for  detailed  Instructions). 

Velocity  Determination 

Refer  to  your  calibration  curve  of  readout  versus 
preferred  units  of  flow  (e.g.  feet  per  day). 


Direction: 


Velocity 


Form  104  available  from  your  local  K-V  Associates,  Inc.  dealer. 

I  Copyright  1981  K-V  ASSOCIATES,  INC.,  Falmouth,  MA  02540 


9/82 


1— N  * 


Prob« 

pair 


*2h7 


^  ✓  C  > 


C9  U 


*3/- 8  6  /oe  %o 


Date 


.  fe  -9  T 


For  use  with  K-V  Associates,  Inc.  Groundwater  Flowmeters.  4  Channel  probe 


—  .  .  .  _ _ _  -^*o  r“  , 

Table  of  LCD  Readout  I  — - - - - - -f - 1 

Operator:  Date:  T 

Station:  /< t/'~Ay _  Time:  ? _ 

Location:  ~ 


Soil  Conditions:  >^>//  ^<svc^ 

Depth  to  Measurement:  /7  /Yf  oc  '^  /C 


3-acc  r- 


nx\  n 


ROTATE  PROBE  180  AT  SAME  DEPTH 


^'9 


*2/-7 


♦3/- 8 


P£  72. 


♦4/-9r^  l/zo  utr 


'K\-l 


/o  47 


5  33 


Use  of  Table 

COLUMN  G  -  Divide  each  reading  in 
column  F  by  the  largest  absolute  value. 
Draw  these  4  vectors  on  the  circle 
chart  according  to  the  scale  provided 
(i.e.  strongest  vector  ■  1.00). 

Cosine  Test  Shows  Uniform  Flow 

Vector  end 

Joints  will  closely  /4 

fit  a  circle  in-  / 

icribed  about  the  I  J 

longest  vector.  \  >51  / 

Values  in  column  G  N^UOW^/ 

'111  approximate  vector 
engths  shown  at  right. 


Vector  Resolution  to  Determine  Direction 

1»  Ds*  KVA  Vector  Addition  Program rn-5a/s9>HMic)calculators 
OR 

2.  Solve  graphically  by  placing  4  individual  vector 
segments  sequentially  head  to  tail.  (See  manual 
for  detailed  instructions). 

Velocity  Determination 

Refer  to  your  calibration  curve  of  readout  versus 
preferred  units  of  flow  (e.g,  feet  per  day). 


Direction: 


Velocity  :  Z  .3 


Form  104  available  from  your  local  K-V  Associates,  Inc.  dealer. 
Copyright  1981  K—V  ASSOCIATES,  I*  2.,  Falmouth,  MA  02540 


9/R9 


vjhuunuvva  I  tn  r 

For  use  with  K-V  Associates.  Inc.  Groundwater  Flowmeters,  4  Channel  probe 


Table  of  LCD  Readout 


♦1/-6 

4 

/ 

+  2/-7 

/ 

HI 

kaz-ei 

a 

//z 

'/z.\ 

mm 

f2. 

m 

Operator:  _  Date:  JLjL£_lZ_l_ 

Station:  /r^~3 _  Time: 

Location:  A _ 

Soil  ConditionR:^<^^V*^^*^  .V>*/q/v 
Depth  to  Measiinampnt: 


5  =  ^  V  /  '■ 


TATE  PROBE  180  AT  SAME  DEPTH 


*6  3  fZ  V? 


♦2/-7  t  b/y 


♦3/- 8  /  /jv  nii 


rr?  n 


♦4/-9 


-g-f  7 


4f- 


|Jse  of  Table 

COLUMN  G  -  Divide  each  reading  in 
fcolumn  F  by  the  largest  absolute  value. 
Draw  these  4  vectors  on  the  circle 
chart  according  to  the  scale  provided 

tl.e.  strongest  vector  *  1.00), 

osine  Test  Shows  Uniform  Flow 

..  j  71 

I  Vector  end 

olnts  will  closely  ^ 

It  a  circle  in-  / 

scribed  about  the  I  I 

Iongest  vector.  \  / 

a  lues  in  column  G  \^^LOW>/ 
will  approximate  vector 
lengths  shown  at  right. 


Vector  Resolution  to  Determine  Direction 

1.  Use  KVA  Vector  Addition  Program  m-5«/S9-MP4ic!ca  leu  la  tors 
OR 

2.  Solve  graphically  by  placing  4  Individual  vector 
segments  sequentially  head  to  tail.  (See  manual 
for  detailed  instructions). 

Velocity  Determination 

Refer  to  your  calibration  curve  of  readout  versus 
preferred  units  of  flow  (e.g.  feet  per  day). 


•  la  oiiuwia  ^  ^  ^  ^  t  / 

Direction:  _  Velocity:  rTfd*^ 

Form  104  available  from  your  local  K-V  Associates.  Inc.  dealer. 


Copyright  1981  K-V  ASSOCIATES,  INC.,  Falmouth.  MA  02540 
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For  use  with  K-V  Associates,  Inc.  Groundwater  Flowmeters,  4  Chsnnel  probG 


....  .  _ _ _  Ac/rl^ 

Table  of  LCD  Readout  ^ ^ — -V- - 

ABC  Operator:  Date:  Xj^£lf_2_ 

Prob€  station:  -  Time: 

pair  /  ^ /  ^ / “^ /  'Ty  ^  1 

_ /  /  /  /  Location:  /  —  C ^ _ 

- —^12.123.  Soil  Conditions:y‘*^/> y 1 

^2/-7  /6  J42  hi  , 

♦  T/Q/^  -  -  Depth  to  Measurement:  Pit.% 

^3/- 8  14  z^(,  zu  1_ _  _ 

*Ai-^ zz.  1  ^  S- O' ^1/^-r 


Probe 

pair 

/ 

'  > 

•f 

■►1/-6 

*2/-7 

JiZ 

*3/8 

/-# 

M/-9 

iA" 

zz 

ROTATE  PROBE  180°  AT  SAME  DEPTH 
i-^Q  D  E  S  F  G 


1-^S 

Probe 

pair 


♦1  /-6 

0 

- 

*2h7 

14- 

7?s' 

201 

*3h8 

1 

234 

^4) 

♦4/-9 

/2f 

'^7 

1 

"lo 

'•fl 

^?c 

4- 

•ii- 

280 

©w 

260 


Use  of  Table 

COLUMN  G  -  Divide  each  reading  in 
column  F  by  the  largest  absolute  value. 
Orav  these  4  vectors  on  the  circle 
chart  according  to  the  scale  provided 
(i.e.  strongest  vector  ■  1.00). 

Cosine  Test  Shows  Uniform  Flow 

Vector  end  ,  n«^ 

points  will  closely  yA  /4^^V 
fit  a  circle  in-  / 
scribed  about  the  1  j 

longest  vector.  \  >51  / 

Values  In  column  0  \^LOW>/ 

will  approximate  vector 
lengths  shown  at  right. 


80 

E@ 


Vector  Resolution  to  Determine  Direction 

Use  KVA  Vector  Addition  Program  fTi-5»/s9-HMic!ca  leu  la  tors 

2.  Solve  graphically  by  placing  4  individual  vector 
segments  sequentially  head  to  tail.  (See  manual 
for  detailed  instructions). 

Velocity  Determination 

Refer  to  your  calibration  curve  of  readout  versus 
preferred  units  of  flow  (e.g,  feet  per  day). 


Direction: 


Velocity 


:  y  /v/o/stf 


Form  104  available  from  your  local  K-V  Associates,  Inc.  dealer. 
Copyright  1981  K“V  ASSOCIATES,  INC.,  Falmouth,  MA  02540 


9/82 


For  use  with  K-V  Associates,  Inc.  Groundwater  Flowmeters,  4  Channel  probe 


Table  of  LCD  Readout  ^  ~ — - - j-  - 

ABC  Operator:  Date: 

Probe  /S/^/r/  Station:  V -  Time: _ _ 

pair  /  Location:  7^^^  _ _ 

- »-/.-,LZZ-I  Soil  Conditions: CPt 

*2/-7  /r  ir;  144  T® 

♦3/-8 -^2-  ij2  2-f-f  Depth  to  Measurement;'^^  '^Tcc.  \  o7,r /7c' 

^Al-9n  iQ  ^  -  O-^Vfr 


Probe 

pair 

/ 

^  / 

71 

^1/-6 

h  J 

/?? 

*2/-7 

/r 

.?r/ 

♦3/-8 

/2. 

ij2 

M/-9 

n 

76 

joTATE  PROBE  180°  AT  SAME  DEPTH 
-j-^C  D  E  S  F  G 

•  ^  f  t  *  J  A 


I  Probe 
pair 


♦1  /'6 

z. 

\<r 

lo 

♦2/-7 

m 

♦3/- 8 

/< 

7lt 

iZ) 

♦4/-9 

a 

h± 

T3 

,« 

SI 

*/ 

7*; 

•it, 

280 

®w 

260 


pise  of  Table 

COLUMN  G  -  Divide  each  reading  la 
Bolumn  F  by  the  largest  absolute  value, 
ftrav  these  4  vectors  on  the  circle 
chart  according  to  the  scale  provided 
(l.e.  strongest  vector  -  1.00). 

ftosine  Test  Shows  Uniform  Flow 

■  Vector  end  ^ — ~5!s.i.00 

olnts  vl  1 1  closely 
It  a  circle  In-  / 
scribed  about  the  I  j 

^ngest  vector.  \  / 

la  lues  In  column  Q  \^LOW>' 

"ill  approximate  vector^  ^ 
lengths  shown  at  right. 


80 

E® 

100 


Vector  Resolution  to  Determine  Direction 

1.  Use  KVA  Vector  Addition  Program  (Ti-s>/59>HP4|c!ca  leu  la  tors 
OR 

2.  Solve  graphically  by  placing  4  individual  vector 
segments  sequentially  head  to  tall.  (See  manual 
for  detailed  instructions). 

Velocity  Determination 

Refer  to  your  calibration  cui>e  of  readout  versus 
preferred  units  of  flow  ,e.g.  feet  per  day). 


Direction: 


Velocity:  ^ 


Form  104  available  from  your  local  K-V  Associates,  Inc,  dealer. 
Copyright  1901  K  V  ASSOCIATES,  INC.,  Falmouth,  MA  02540 
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vaiiUurMUvvMi  trt  r-LUW  WUHKbHtET 

For  use  with  K-V  Associates,  Inc.  Groundwater  Flowmeters,  4  Channel  probe 


Table  of  LCD  Readout 

1-^N  A  B  C 


/09,?  -oof- 


+1/-6 

6 

luc 

Zee 

12/-7 

/f 

~i74 

♦3/-8 

S 

^07 

217 

+  4/-9 

l^L 

7T 

8T 

Operator: 

Station;  / _ 


f- 


_  Date:  ^  ^ 

_  Time;  _ 

Location;  ^ _ 

Soil  Conditions: «^-'// 

Depth  to  Mnasiirpmpnt:‘?<^  P>TOC  \  Zl  /3^  5 


© 


’i~  Ci •  ^ Z 


N 


340 


ROTATE  PROBE  180  AT  SAME  DEPTH 


♦1  /-6 

C 

*2/-7 

72, 

1^1 

/Tl 

+3/- 8 

S 

Zei 

2// 

■'..'•9 

fZ. 

7^7 

hi 

■/«? 

-/ 

7// 

•7V 

0.4j 

•’S’ 

'25 

Use  of  Table 

COLUMN  G  -  Divide  each  reading  In 
column  F  by  the  largest  absolute  value. 
Draw  these  4  veccors  on  the  circle 
chart  according  tc  the  scale  provided 
(i.e.  strongest  vector  *  1.00). 

Cosine  Test  Shows  Uniform  Flow 


180 

Vector  Resolution  to  Determine  Direction 


OR 


Vector  end 
points  will  closely 
fit  a  circle  in¬ 
scribed  about  the 
longest  vector. 

Values  in  column  G 
will  approximate  vector 
lengths  shown  at  right. 


1.00 


1.  Use  KVA  Vector  Addition  Program  (Ti-5«/S9*HMjc)ca  leu  la  tors 

2.  Solve  graphically  by  placing  4  individual  vector 
segments  sequentially  head  to  tail.  (See  manual 
for  detailed  instructions). 


Velocity  Determination 

Refer  to  your  calibration  curve  of  readout  versus 
preferred  units  of  flow  (e.g,  feet  per  day). 


Direction: 


Velocity:  ^ '/  v 


Form  104  available  from  your  local  K-V  Associates,  Inc.  dealer. 
Copyright  1981  K“V  ASSOCIATES,  INC..  Falmouth,  MA  02540 
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UHUUNUWA  I  tH  hLUW 

For  use  with  K-V  Associates,  Inc.  Groundwater  Flowmeters,  4  Channel  probe 


Table  of  LCD  Readout 


+1/-6 

♦2/-7 

D 

m 

^3/-8 

M/-9 

m 

/ 

Operator:  _  Date:  K ~  ^3 

Station:  _  Time: 

Location:  _ 


Soil  Conditions: 

Depth  to  Measurement:  '  32.  S 


ft 


TATE  PROBE  180  AT  SAME  DEPTH 


+2/-7 

♦3/-8 

|♦4/-9 

f 

-“S’/ 


siri 


"(lOy-yi 


-/ 


jse  of  Table 

COLUMN  G  -  Divide  each  reading  in 

Bslumn  F  by  the  largest  absolute  value, 
raw  these  4  vectors  on  the  circle 
chart  according  to  the  scale  provided 
(l.e.  strongest  vector  »  1.00). 

losine  Test  Shows  Uniform  Flow 

^  -71 

H  Vector  end 

Bints  will  closely  ^ 

Wt  a  circle  in-  f 

scribed  about  the  I  I 

■>ngest  vector.  \  / 

Blues  In  column  G  n^FLOW  j/ 

will  approximate  vector 

lengths  shown  st  right. 


Vector  Resolution  to  Determine  Direction 

1.  Use  KVA  Vector  Addition  Program  (Ti-5a/S9*HP4ic!ca  leu  la  tors 
OR 

2.  Solve  graphically  by  placing  4  Individual  vector 
segments  sequentially  head  to  tail.  (See  manual 
for  detailed  instructions). 

Velocity  Determination 

Refer  to  your  calibration  curve  of  readout  versus 
preferred  units  of  flow  (e.g.  feet  per  day). 


Direction: 


Velocity:  ^ 


Form  104  available  from  your  local  K-V  Associates,  Inc.  dealer. 
Copyright  1901  K~V  ASSOCIATES,  INC.,  Falmouth,  MA  02540 
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For  use  with  K-V  Associates,  Inc.  Groundwater  Flowmeters,  4  Channel  probe 


-  _ _ _  / 

Table  of  LCD  Readout  I - - — - - 

Operator:  Date :  ?  ~2LC  '  P 

Station:  Time:  ^  — 

Location:  ^ 


Soil  Conditions:  f^Kks/  > 

- r— ; 

Depth  to  Measurement:  '^7 ' /^70C  ; 


S-  O'^C 


ROTATE  PROBE  180  AT  SAME  DEPTH 


+1/-6 

<5 

lj£. 

>2/-7 

o 

/Vgi 

hz 

^3/-8| 

/c 

/jr 

m 

38 

5D 

T7  J? 


♦2/-7 

/o 

*3/'Q 

♦4/-9 

“2-j  •«*. 


•7<£.M4 


'.zc 


Use  of  Table 

COLUMN  G  -  Divide  each  reading  in 
column  F  by  the  largest  absolute  value. 
Draw  these  4  vectors  on  the  circle 
chart  according  to  the  scale  provided 
(l.e.  strongest  vector  ■  1.00). 

Cosine  Test  Shows  Uniform  Flow 

Vector  end  ^ 

points  will  closely  ^  A 
fit  a  circle  in-  ( 
scribed  about  the  I  J 

longest  vector.  \  >51  / 

Values  in  column  G  \^LOW  >/ 

•'ll!  approximate  vector^  ^ 
lengths  shown  at  right. 


Vector  Resolution  to  Determine  Direction 

1.  Use  KVA  Vector  Addition  Program  n'>-5(/s9>Hr4|c)ca  leu  la  tors 
OR 

2.  Solve  graphically  by  placing  4  individual  vector 
segments  sequentially  head  to  tail.  (See  manual 
for  detailed  instructions). 

Velocity  Determination 

Refer  to  your  calibration  curve  of  readout  versus 
preferred  units  of  flow  (e.g,  feet  per  day). 


Direction: 


Velocity  : 


Form  104  available  from  your  local  K-V  Associates,  Inc.  dealer. 
Copyright  1981  K-V  ASSOCIATES,  INC.,  Falmouth.  MA  02540 
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For  use  with  K-V  Associates,  Inc.  Groundwater  Flowmeters,  4  Channel  prObe 


Table  of  LCD  Readout  I 

Operator:  Date:  ^  ‘ 

Station:  ^  _  Time:  S,  O _ 

Location;'^^^  ^  A _ 

Soil  Conditions;  <^a\/kC^ 

Depth  to  Measurement:  3^  jSfPC.  ] 


Time:  C)  3,0 


♦1/-6 

0 

JO 

*2/-7 

yz. 

BSSi 

+3/-8 

7 

U1 

/36 

+  4/-9 

ifl 

OTATE  PROBE  180  AT  SAME  DEPTH 


-6  4 


3\61 


*2/-7  U  8i 


♦3/- 8  U)j  UV 


♦4/-9  /5  414 


/o  ;  .8E 


|ise  of  Table 

COLUMN  G  -  Divide  each  reeding  In 

folumn  F  by  the  largest  absolute  value, 
raw  these  4  vectors  on  the  circle 
hart  according  to  the  scale  provided 
(l.e.  strongest  vector  ■  1.00). 

Cosine  Test  Shows  Uniform  Flow 

-71 

Vector  end  ^.*''•^^^,^.00 

taints  will  closely  A 

It  a  circle  In-  / 
scribed  about  the  I  1 

Ipngest  vector.  \  J 

■slues  in  column  G  \^FLOW>/ 

Pill  approximate  vector 
lengths  shown  at  right. 


A  A  LTCU  a  i 

Ipngest  VC 
■slues  in 
Pill  appro 


Vector  Resolution  to  Determine  Direction 

1.  Use  KVA  Vector  Addition  Program rri-S8/s9-HP4icic8lcula tors 
OR 

2.  Solve  graphically  by  placing  4  individual  vector 
segments  sequentially  head  to  tail.  (See  manual 
for  detailed  instructions). 

Velocity  Determination 

Refer  to  your  calibration  curve  of  readout  versus 
preferred  units  of  flow  (e.g.  feet  per  day). 


Direction: 


Velocity:  f  •  4- 


Form  104  available  from  your  local  K-V  Associates,  Inc.  dealer. 
Copyright  1981  K-V  ASSOCIATES,  INC.,  Falmouth,  MA  02540 
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11  CIVIL  ENGINEERING  OPERATIONS  SQ. 

OPERATING  ENGINEERS 


Log  of  Monitoring  Well  KV-1 


PROJECT:  POL  AREA 


PROJECT  NO.:  53028 


DATE  STARTED:  5/5/93 


DATE  FINISHED:  5/7/93 


DRILLING  METHOD:  12  In.  HoHom  Stem  Auger 


DRILLING  COMPANY:  II  CEOS/CEOR 


PIO  (ppm) 


_  UJ  w 

X  ^  (/)  UJ 

a-X  X  o  -I 

uj  s  <  _j  < 

10  m  > 


003  ff 


004  9 


OOS  10 


006  9 


009  6 


OtO  8 


Oil  S 


LOCATION:  GALENA  AFS  AK 


SURFACE  ELEVATION: 


INITIAL  H2o  LEVEL:  23  ft.  BLS 


FINAL  H20  LEVEL:  23  ft.  BLS 


TOTAL  DEPTH:  32  Feet 


GEOLOGIST:  JOE  MILLHOUSE 


GEOLOGIC  DESCRIPTION 


silly  Sand,  line  sand,  2.5Y  5/4  light  olive 
brown,  damp,  loose 


Silt  with  sand,  fine  sand,  non-plaslic  2.5Y  5/0 
gray,  damp,  soft 


silly  fine  Sand,  as  above,  fibrous  organic 
layers  <  Imm  thick,  damp,  loose 

6  3-6.8'  pooily  graded  Sand.  fine,  sugary 
texture 


poorly  graded  Sand,  medium  to  fine,  2.5Y  5/4 
light  olive  brown,  damp,  loose,  sugary  texture 

Poorly  graded  Sand  with  gravel,  medium  to 
fine  sand.  1  inch  maximum  subrounded  gravel. 
2.5Y  5/4  ight  olive  brown,  damp,  loose, 
gravelly  layer  13.5-14.0  It. 


well  graded  Sand  with  gravel.  I  inch  maximum 
subrounded  gravel,  damp,  loose 

as  above.  3/4  inch  maximum  subtounded 
gravel 


1  Water  level  while  drilling 

less  gravelly,  saturated,  loose,  color  change 
to  2.5Y  4/0  dark  gray 

little  gravel,  salu'ated.  loose 


as  above,  satuiaied,  loose 


WELL  DIAGRAM 


Bottom  of  boring  32.0  feet.  Total  casing 
assembly  33.3':  Slickup  2.93' 


Page  i  of  i 


11  CIVIL  ENGINEERING  OPERATIONS  SQ. 

OPERATING  ENGINEERS 


PROJECT:  POL  AREA 


PROJECT  NO.;  53028 


DATE  STARTED:  5/18/93 


DATE  FINISHED:  5/18/93 


DRILLING  METHOD:  12  In.  Hollow  Stem  Auger 


DRILLING  COMPANY;  II  CEOS/CEOR 


PIO  (ppm) 


iS:  in 

VI  UJ 

Z  3 

o  ^ 


Log  of  Monitoring  Well  KV-2 


LOCATION:  GALENA  AFS  AK 


SURFACE  ELEVATION: 


INITIAL  H20  LEVEL:  14  ft.  BLS 


FINAL  H2o  LEVEL:  14  ft.  BLS 


TOTAL  DEPTH:  42  Feet 


GEOLOGIST:  JOE  HILLHOUSE 


OOt  3 


003  8 


004  8 


005  9 


silty  Sand  with  libious  organics.  Z.5Y  5/4  light 
olive  brown,  damp,  loose,  finely  laminated 
organic  and  silty  sand  1  mm  thick 


poorly-graded  Sand,  medium,  2.5Y  5/4  light 
olive  brown,  damp,  loose,  uniform 

T  Ha(er  fevef  while  drilling 


well-graded  Sand  with  gravel.  i/2  inch 
maximum  subrounded  gravel.  2.5Y  4/0  dark 
grey,  damp,  loose 


as  above.  3/4  inch  maximum  subrounded 
gravel 


as  above,  saturated,  loose 


as  above,  uniform  sand  with  gravel 


HELL  DIAGRAM 


Page  i  of  2 


II  CIVIL  ENGINEERING  OPERATIONS  SQ. 

OPERATING  ENGINEERS 


Log  of  Monitoring  Well  KV-2 


PROJECT:  POL  AREA 


PIO  (ppm) 


Ul  V) 

X  ^  UJ 

a.  X  z  o  ^ 

lu  S  <  < 

qV  (O  CD  > 


LOCATION:  GALENA  AFS  AK 


GEOLOGIC  DESCRIPTION 


WELL  OUGRAH 


Bottom  of  boring  42.0  feet.  Total  casing 
assembly  43.43':  Slickup  2.75' 


11  CIVIL  ENGINEERING  OPERATIONS  SO. 

OPERATING  ENGINEERS 


PROJECT;  POL  AREA 


PROJECT  NO.:  53028 


DATE  STARTED:  5/7/93 


DATE  FINISHED:  5/7/93 


DRILLING  METHOD:  12  In.  Hollow  Stem  Auger 


DRILLING  COMPANY:  II  CEOS/CEOR 


Log  of  Monitoring  Well  KV-3 


LOCATION:  Ga  IENA  AFS  AK 


SURFACE  ELFVATION; 


INITIAL  H2o  LEVEL:  21  ft.  BLS 


FINAL  H2o  LEVEL:  21  ft.  BLS 


TOTAL  DEPTH:  22  Feet 


GEOLOGIST:  JOE  MILLHOUSE 


GEOLOGIC  DESCRIPTION 


silty  Sand,  tine  sand.  2.5Y  5/4  light  olive 
brown,  damp,  very  loose,  trace  fibrous  organic 


A  6"  layer  fine  sand 


silty  fine  sand  as  above,  trace  fibrous 
organics 


poorly-graded  Sand,  fine  sand,  2.5Y  5/4  light 
olive  brown  damp,  loose,  sugary  texture 


4"  layer  brown  sill,  dilatent 


poorly-graded  Sand  as  above 


well-graded  Sand  with  gravel,  3/4  inch 
maximum  subrounded  gravel,  2.5Y  4/0  dark 
grey,  damp,  loose 


as  above,  less  gravelly,  color  change  to  2.5Y 
4/0  dark  grey  when  saturated  J  water  level 
while  drilling 


Bottom  of  boring  22.0  feet.  Total  casing 
assembly  23.0/’:  Slickup  3.0’ 


NELL  DIAGRAM 
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II  CIVIL  ENGINEERING  OPERATIONS  SQ. 

OPERATING  ENGINEERS 


Log  of  Monitoring  Well  KV-4A 


PROJECT  NO.:  53028 

SURFACE  ELEVATION: 

DATE  STARTED:  5/2f/93 

INITIAL  H2o  LEVEL:  13  U.  BLS  ' 

DATE  FINISHED:  5/2f/93 

FINAL  H20  LEVEL:  13  ft.  BLS 

DRILLING  METHOD:  (2  In.  Hollow  Stem  Auger 

TOTAL  DEPTH:  52  Feet 

DRILLING  COMPANY:  II  CEOS/CEOR 

GEOLOGIST:  JOE  MJLLHOUSE 

PIO  (ppn) 


ii. 

UJ  i/> 

-I  (/>  UJ 

%  S  => 

z  o  ^ 

<  j  < 

(/)  QO  > 


00(  3 


GEOLOGIC  DESCRIPTION 


sillv  Sand  (me  sand,  2.5Y  5/4  light  olive 
brown,  damp,  loose.  Imely  laminated  with 
fibrous  organics 


WELL  DIAGRAM 


decreasing  silt 


S£S!iSl 


A  Sitt  with  fine  sand,  wet,  soft 


I  water  level  while  drilling 


003  8 


poorly-graded  Sand  with  little  silt,  medium  to 

- .  fine  sand,  2,5Y  5/4  light  olive  brown,  wet. 

SM  \  loose _  _ 

well-graded  Sand  with  gravel,  3/4  mch 
maximum  subrounded  gravel.  2.5Y  4/0  dark 
grey,  saturated,  loose 


004  8 


as  above.  3/4  inch  maximum  subrounded 
gravel.  2.5Y  4/0  dark  grey  when  saturated,  f 
heave 


005  9 


as  above,  saturated,  loose,  r  heave 


no  recovery 


007  I  8 


Log  of  Monitoring  Well  KV-4A 


II  CIVIL  ENGINEERING  OPERATIONS  SO. 

OPERATING  ENGINEERS 


PROJECT:  POL  AREA 


&£  I 

oS  v> 


PIO  (pp«) 


H  3 

I  o 

OC  O 

e>  (/) 


LOCATION:  GALENA  AFS  AK 


GEOLOGIC  DESCRIPTION 


duuve.  weti~gidueu.  i  neave 


HELL  DIAGRAM 

£ 


008  8 


000  20 


as  above,  soils  appear  uniform  throughout,  no 
change  in  drilling  action.  I'  heave 


no  lecoveiy.  .5'  heave 


Bottom  of  boiing  52.0  feet.  Total  casing 
assembly  51.90’:  Stickup  2.90’ 


Page  2  of  2 


II  CIVIL  ENGINEERING  OPERATIONS  SO. 

OPERATING  ENGINEERS 


PROJECT:  POL  AREA 


PROJECT  NO.:  53028 


DATE  STARTED:  5/8/93 


DATE  FINISHED:  5/8/93 


DRILLING  METHOD:  12  In.  Hollow  Stem  Auger 


DRILLING  COMPANY:  II  CEOS/CEOR 


PIO  (ppm) 


Log  of  Monitoring  Well  KV-5A 


LOCATION:  GALENA  AFS  AK 


SURFACE  ELEVATION: 


INITIAL  H2o  LEVEL;  20  It.  BLS 


FINAL  H20  LEVEL:  20  ft.  BLS 


TOTAL  DEPTH:  67  Feet 


GEOLOGIST:  JOE  MILLHOUSE 


GEOLOGIC  DESCRIPTION 


silly  Sand  fine  sand,  2.5Y  5/4  light  olive 
brown,  damp,  very  loose,  fibrous  organics 


poorly-graded  Sand,  medium  to  fine  sand, 
2.5Y  5/4  light  olive  brown,  damp,  loose 


well-graded  Sand  with  gravel,  3/4  inch 
maximum  subrounded  gravel.  2.5Y  5/4  Light 
olive  brown,  damp,  loose 


I  water  level  while  drilling 

as  above.  3/4  inch  maximum  subrounded 
gravel.  2.5Y  4/0  dark  grey  when  saturated. 


as  above,  saturated,  loose.  I'  heave 


sand,  as  above,  little  recovery,  3'  heave 


MELL  DIAGRAM 
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II  CIVIL  ENGINEERING  OPERATIONS  SQ. 

OPERATING  ENGINEERS 


Log  of  Monitoring  Neil  KV-SA 


PRO,«CT;  POL  AREA 


location:  galena  AFSAK 


PIO  (PPM) 


O  tf> 

-I  in 


as  above,  soils  appear  uniform  througPoul,  no 
change  in  drilling  action,  r  heave 


1-1/2  inch  maximum  gravel 


as  above,  f  heave 


more  gravelly,  1.5'  heave 


no  sample 


Bottom  of  boring  B/.O  feet.  Total  casing 
assembly  63.00';  Stickup  3.00' 


WELL  DIAGRAM 


II  CIVIL  ENGINEERING  OPERATIONS  SQ. 

OPERATING  ENGINEERS 


PROJECT:  POL  AREA 


PROJECT  NO.:  53028 


DATE  STARTED:  5/13/93 


DATE  FINISHED:  5/13/93 


DRILLING  METHOD:  12  In.  Hollow  Stem  Auger 


DRILLING  COMPANY:  II  CEOS/CEOR 


Log  of  Monitoring  Well  KV-eA 


LOCATION:  GALENA  AFS  AK 


SURFACE  ELEVATION: 


INITIAL  H20  LEVEL:  t9.75  It.  BLS 


FINAL  H20  LEVEL:  19.75  ft.  BLS 


TOTAL  DEPTH:  72  Feet 


GEOLOGIST:  JOE  MILLHOUSE 


001  2 


003  9 


005  3 


Silt  with  tine  sand,  2.5Y  5/4  light  olive  brown, 
damp,  very  loose,  some  fibrous  organics 


finely  laminated  silty  Sand 


poorly-graded  Sand,  medium  to  (me  sand, 
2.5Y  5/4  light  olive  brown,  damp,  loose, 
uniform  sand 


well-graded  Sand  with  gravel,  1/2  inch 
maximum  subrounded  gravel,  2  5Y  5/4  Ligtit 
olive  brown,  damp,  loose 


I  water  tevel  while  drilling 


as  above.  2.5Y  4/0  dark  grey  wtien  saturated 


as  above,  saturated,  very  loose 


sand,  as  above 


MELL  DIAGRAM 


II  CIVIL  ENGINEERING  OPERATIONS  SQ. 

OPERATING  ENGINEERS 


Log  of  Mo^'itoring  Vfell  KV-eA 


PROJECT:  POL  AREA 


PIO  (ppm) 


u. 

uj  's..  m 

X  ^  (O  UJ 

^  X  3 

a.X  X  o  ^ 

ui  t!  <  ^  < 

(A  CD  > 


40H  008 


3  t3 


O  (/) 

-I  vt 

a  2 

I  O 


LOCATION:  GALENA  AFS  AK 


geologic  description 


(idle  recovery 


III  lie  recovery 


as  above.  liUle  recovery 


as  above,  well  graded 


as  above 


Bottom  of  boring  72.0  fee..  Total  casing 
assembly  73.00’;  Slickuo  3.00’ 


WELL  DIAGRAM 
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